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Section I 

INTRODUCTION 

This is tlie. final repoi’t for NASA/GSFC Contract NAS 5-20660, dated 
31 August 19'74, The contract provides two Visible Infrared Spin-Scan Radi- 
ometer (VISSR) instruments for the Geostationary Operational Environmental 
Satellite B and C (GOES B and C) spacecrafts. The instruments are identical 
to those developed and supplied under the previous Contract NAS 5-21139 
except for minor electronic changes to the module and scanner and changes 
to the lubrication utilized for the scan mirror encoder bearings, During the 
contract period, twelve engineering changes were submitted as proposals of 
which eleven were accepted and incorporated into the contract. Three of 
these changes were implemented at no additional contract cost. The Contract 
specified delivery of the instruments for the GOES B spacecraft 18-1/2 
months after initiation of the Contract ARO and for the GOES C spacecraft, 

24 months ARO. The first instrument, designated Flight 3, Serial Number 
005, was delivered 17-1/2 months ARO. The second instrument, designated 
Flight 4, Serial Number 006, was delivered 25 months ARO. 

Both instruments contain all the listed changes and are electrically 
and operationally identical. Engineering Changes 010 and 012 were incor- 
porated in the GOES B instrument (S/N 005) by retrofit, and underwent 
limited retest following initial accep‘‘aiice and delivery. 

The following summarizes changes to these instruments as compared 
to those supplied on the previous SMS Contract. In addition, there were a 
significant number of Class II changes primarily involving corrections of 
drawing errors and omissions. All electrical changes were breadboarded 
(where complexity required this), were incorporated into the test module, 
and subjected to verification of proper operation throughout full instrument 
temperature range. Evaluation of the changes also included design operating 
safety iTvargins to account for component variations and life. See Table 1-1, 
Engineering Change Summary, 
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Table l-l. Engineering Change Summary 


CHANCE NUMBER 

IDENTITY 

DESCRIPTION 

BASIC CONTRACT 

REGULATED TEMPERATURE TELEMETRY 
SUPPLY VOLTAGE 

INCREASES TEMPERATURE TELEMETRY ACCURACY. 

BASIC CONTRACT 

SUBSTITUTE TELEMETRY SUPPLY 
VOLTAGE IN LIEU OF REDUNDANT 
ENCODER TEMPERATURE 

RESULT OF REASSESSING TELEMETRY PRIORITIES, 

001 

REDUNDANT "STEP SCAN ON" COMMAND 

PROVIDES A BACK-UP COMMAND IN CASE THE NORMAL "STEP SCAN" 
ON" COMMAND SHOULD FAIL. 

003 

CHANGE IN THERMAL SURFACFS 

REPLACES THE AFT COVLiT AND THE ENCODER COVERS WITH COVERS 
HAVING POLISHED SURFACES. THE ORIGINAL COVERS USED THERMAL 
TAPE THAT WAS A POSSIBLE SOURCE OF OPTICAL CONTAMINATION. 

004 

REWORK SMS/VISSR ENCODERS (GFE) 

UPGRADE THE GFE SMS/VISSR ENCODERS S/N 006 AND S/N 007 TO 
FLIGHT QUALITY FOR USE AS VISSR /GOES SPARES. 

005 

CONNECTOR KEYING PROVISIONS 
(VISSR) 

THE SMS/VISSR SPACECRAFT CONTRACTOR MODIFIED CERTAIN CON- 
NECTORS WITH A KEYING ARRANGEMENT TO AVOID IMPROPER 
CONNECTIONS. THIS CHANGE DUPLICATES THIS MODIFICATION 
FOR THE TWO GOES INSTRUMENTS. 

006 

ADDITIONAL IN-FLIGHT OPERATIONAL 
CAPABILITY FOR GOES B AND C 

THIS CHANGE PROVIDES THE CAPABILITY TO INITIATE THE CALI- 
BRATION SEQUENCE WITHOUT THE NECESSITY OF MIRROR TRAVEL TO 
THE SOUTH OR THE NORTH SCAN LIMITS, IN ADDITION, CAPA- 
BILITY IS PROVIDED FOR COMMANDING THE FRAME SIZE THAT 
EXCEEDS THE NORMAL FRAME ELECTRICAL LIMITS. 

007 

ENCODER 006 BEARING LUBRICATION) 
CHANGE BURNISHED MoSj 

RESCINDS PREVIOUS DIRECTION REGARDING BEARING LUBRICATION 
UTILIZING BURNISHED MoSo BEARINGS FOR THE ENCODER 
ASSEMBLIES, 

008 

GOES C ENCODER BEARING) CHANGE 
SPUTTER MoSa 

REWORK OF THE GOES C ENCODERS TO INCORPORATE THE IMPROVED 
BEARING LUBRICATION METHOD. 

009 

GOES B ELECTRONIC MODULE 
HOUSING REPAIR 

REPAIR OF THE ELECTRONICS MODULE FOLLOWING DAMAGE CAUSED 
BY A GROUND STRAP SCREW PROTRUDING INSIDE THE MODULE 
DURING SPACECRAFT INTEGRATION. 

010 

DESIGN MODIFICATION TO SCAN DRIVE 
ELECTRONICS TO REDUCE CURRENT 
TRANSIENTS DURING RETRACE 

THIS CHANGE IS AN IMPROVEMENT OF THE ORIGINAL CIRCUITRY 
TO MINIMIZE BANG-BANG MODE OPERATION OF THE SCAN DRIVE 
DURING RETRACE WITH HIGH FRICTION BEARINGS. 

Oil 

DESIGN MODIFICATION TO ELIMINATE 
THE RELAY BOUNCE ASSOCIATED WITH 
COMMAND TO THE LONG FRAME MODE 

ELIMINATES A POSSIBLE LOGIC DISRUPTION WHEN THE LONG 
FRAME IS SELECTED. 

012 

GOES B ENCODER RETROFIT 

REPLACE THE GOES B ENCODERS WITH ENCODERS HAVING THE 
IMPROVED SPUTTERED MoSa BEARING LUBRICATION. 
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Section 2 

ELECTRONIC CHANGES 

BACKUP FOR STEP SCAN ON COMMAND {Engineering Change Order 001) 

An alternate method was provided to command scan mirror stepping 
action In order to circumvent a single point failure mode that would render 
the scan drive Inoperative. 

The Step Scan ON command pulse Is regenerated In the VISSR by a 
trigger circuit and coupled through a pulse transformer to provide isolation 
between command ground and auxllllary power ground as shown in Figure Z-l, 
(Dwg 4521 1), This nonredundant circuit drives both the primary and redun- 
dant scan logic boards. In the event of a failure in the command isolator 
circuit, an emergency work-around oroccdure would be required to obtain 
scan mirror motion, The only means of obtaining stepping action would be 
to momentarily interrupt VISSR power or momentarily transfer to the other 
scan drive, whereupon the step scan logic would be initialized in the ON 
condition. Continuous scanning could then be obtained if the Scan Reverse 
command were issued just prior to reaching the top of frame where the Step 
Scan OFF function occurs, However, the calibration function would be lost 
because it is activated at the top of frame. 

To prevent this operating problem that would result from a failure in 
the single command isolator circuit, either a redundant command isolator 
circuit could be added or another command could serve double duty. The 
added duplicate circuit would require re -layout of the circuit board whereas 
the backup command could be very simply summed through a resistor, but 
would require minor changes in operating procedures. The latter approach 
was implemented with the Scan Rage Normal command also serving to cause 
the Step Scan ON function to occur. The VISSR waits at the top of the frame 
for the Step Scan ON command where the transfer to normal rate timing has 
already occurred automatically after completion of retrace at the rapid step 
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rate. Thus, to issue the Scan Rate Normal command as a backup £or Step 
Scan ON would cause no change In VISSR response for this condition. 

The circuit \/as changed by ORlng the Step Scan ON and Scan Rate 
Normal Isolated commands at the base o£ transistor Q8 to set the Scan ON/OFF 
flip-flop Ul7 to the ON state, The Step Scan ON command does not affect the 
Scan Rate Normal function. See Figure 2-2 (Dwg 45138). 
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This change provides Improved control of the scan drive for precise 
apdatlng of control logic based on encoder position rather than a fixed time 
reference, This minimizes bang -bang mode switching and the resulting 
power transients particularly during rapid stepping, 

An increase in bearing friction causes the scan mirror position encoder 
to lag behind in time from the reference ramp signal generator, The logic 
word in the scan line logic register Is updated at midatep by the ramp 
generator E7 msec after the step timing signal. If the encoder does not 
make its scan line word transition at nearly the same time, the scan servo 
will switch from the linear mode to the bang-bang mode, This applies nearly 
full drive to accelerate the mirror to achieve agreement of the two logic words. 
The excess drive from the bang- bang must then be countered by a short period 
of reverse drive to decelerate the mirror once the logic words agree, and the 
servo is operating In the linear mode, This type of erratic scan drive oper- 
ation causes unnecessary power consumption particularly In retrace where the 
duty cycle is high. 

The design change (See Figure 2-3, Dwg 45138) involves slaving the 
ramp generator to the encoder so that the scan logic word updates when the 
encoder word changes at midstep. Drive is applied until the encoder reaches 
the desired position rather than for a fixed t me Internal of 27 msec which 
requires smooth, low friction bearings. The modified circuit can typically 
accommodate bearing drag of 20 in. -oz and continue to operate smoothly 
in the linear mode. The drag of the molydisulphide lubed encoder bearings 
is typically 4 to 5 in. -oz for the combined encoders. 

Tests on the GOES B VISSR by the spacecraft contractor showed a 
reduction in VISSR average input power during retrace from 7 watts to less 
than 1 watt after the circuit modification. 
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Figure Z-3. Electronic Diagram, Scan Drive Logic (A3 & A5) 
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CALIBRATION CIRCUITRY ACTIVATED BY COMIvlAND 


A r«<quli*emenfe on previous Instruments was tliat th« VISSR Internal 
calibration sequence should only occur at the north Irame limit, The cali- 
bration logic was enabled at the first scan step and clocked by the restore 
timing pulse to generate a 5-level staircase. This function provides a gain 
check on the visible and Infrared channel amplifiers. Additionally, the IR 
calibration target comes into the field of view (FOV) on the third scan line 
If Its motor has been enabled by command prior t:^ the start of the cali- 
bration sequence, Another staircase occurs on the fourth line after which 
the calibration logic is locked out, The logic is similarly cycled after 
reaching the south frame limit by four dc restore timing pulses, but the 
staircase and target motor drive circuits are Inhibited. If the south limic 
is not reached, the logic is not recycled and cannot respond at the next 
north limit, 

The original Intent of this chang? was to allow use of die calibration 
even if the scan mirror could not reach the south limit due to Intentional 
short frame operation or scan mirror bearing lubrication build up problems. 

A design change for the GOES B and C instruments provides die capa- 
bility to override the calibration logic lockout in response to certain com- 
mands whereby calibration can now be obtained on short frames. The cali- 
bration logic is activated by the transition of the scan diroetion latch Ul4 
on Scan Logic Schematic 4S13 8 (Figure 2-4). The latch was previously 
controlled by the south frame limit comparator, but now Is also controlled 
by the forward-reverse flip-flop Ul6 in response, to the Scan Direction 
Reverse command. Thus, it is no longer necessary to reach the south 
frame limit to recycle the calibration logic. 
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Figure 2-4, Electronic Diagram, Scan Drive Logic (A3 ir A5) 
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The other transition of the scan direction iatch was previously con- 
trolled by the north frame limit comparator^ but now also has a lockout 
override,. The state of the latch is changed by a pulse derived from the ON 
transition of the scan ON/OFl^ flip-flop Ul7, See Figure 2-5 (Dwg 45138), 
Thus# to obtain a calibration sequence during short frame operation, the 
procedure requires j 

1, A Scan Direction Reverse Command from forward to reverse 

to recycle the calibration logic and to retrace to the appropriate 
start line; 

2, Another reverse command for forward scan direction; 

3, A Step Scan OFF command to enable the latch trigger circuit; and 

4, The Step Scan ON command to activate the trigger for the latch 
that initiates the calibration sequence. 
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This change pi'ovidea the capability to increase the size of the scan 
frame to roll out possible encoder bearing lubrication build-up at the ends 
of the nox'mal frame, 

An electronic design change was implemented whereby the visible 
channel focus commands were made dual function commands to add the 
expanded frame capability. Issuing a single Visible Focus Forward command 
thus also causes expanded frame size and conversely, Visible Focus Reverse 
comniand results in normal frame size. The command pulse drives an added 
latching relay whose contacts control the logic word in the frame limit com- 
parators of the scan logic, See If^iguro ^-6 (Dwg 45138). The expanded 
frame has 1<28 additional steps at each end. 

Entry into expanded frame operation can be initiated at any scan line 
during the normal frame whereby the frame will be bounded by the expanded 
frame limits. The expanded frame mode is terminated by issuing a single 
Visible Focus Reverse command when at a scan line within the limits of the 
normal frame. If the normal frame command is issued when in the expanded 
frame segment, operation will vary depending on which scan drive is being 
used. For example, if normal frame is commanded when in the north 
expanded segment during retrace with redundant drive, the scan rate will 
immediately change from rapid to normal, and scan direction will reverse 
to provide stepping toward the north normal frame limit where it will stop. 
However, for the primary scan drive in the north expanded segment, issuance 
of the Visible Focus Reverse command to return to normal frame will cause 
retrace stepping action to stop immediately. Issuance of a Step Scan ON 
command will then result in stepping toward the soutli limit at the normal 
rate witliout stopping at tire north normal frame limit until this limit is 
approached from the retrace direction. 



Figure Z-6. Electronic Diagram, Scan Drive Logic (A3 ft A5 > 
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Thp commandablf lung fran^e capability waa added to compensate 
fur the lubrication buildup in the Kulun bearings that were originally fitted 
in the GOES B VISSR encoders. Now that the bearings have been replaced 
on both GOES H and C instruments with molydisulphide lubricated bearings, 
the use of the conimandable lung frame function is not anticipated. 
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iMPHov«:n ACCURACY FOR temperaturf: monitor circuits 

The VISSR calibration depenclH on the accuracy of the temperature 
• ource in the scanner assembly, particularly the calibration shutter 
temperature sensor. The desitin change improves the specified temperature 
accuracy to 0. 2*C as compared to an unspecified value for previous VISSR 
instruments. 

The change involves the use of 0, 05*C accuracy thermistors and 
redesign of the bias circuits (or the sensors and the telemetry scaling 
circuit to opi*rat«* from regulated +12 volts. These circuits in previous 
SMS VISSR instruments (Si*e F'igure 2-7, Pwg 447401 were powered from 
unregulated ±15 volts suppli«‘d from the VISSR dc-dc converter via the 
spacecraft 2‘<-volt source. This arrangement was sensitive to voltage 
changes caused by variations in loading imbalance and temperature changes. 
Suitable corrections to the t» nperature telemetry data could not be made 
based only on + 1 5 volt telemetry without the -15 volt data which is not 
tel»*mete red. 

The circuit design change added an integrated circuit voltage regulator 
to the A1 3 Temperature Monitor circuit board to provide a stable +12 volt 
source lor the temperature sensing elements. Furthermore, any dependence 
on the unregulated -15 volt supply to provide the zero reference offset to the 
sensors was removed by applying instead an offset voltage derived from the 
regulated +12 volt source* to the noninverting differential input of the r.caling 
amplifier. See F'igure 2-8 (Dwg 4^^3(151. 

The +12 volt source is provided for t»*lemetry at a 4-volt maximum 
value via a voltage divider and brought out on the* circuit board connector 
that previously carrie*d the* telemetry signal le)r the* redundant encoder 
tempe*rature monite)r. Ihis monitor circuit was de*leted to make room for 
the regulator. The temperature nionitor circu.t for the electronics module 
which is located on the A‘^ circuit board was not modified to use the regulated 
+ 12 volts. The* ejpe*rating pe>int feir the IR detector temperature servo is now 
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Figure 2-7. Electronic Diagram Temperature Monitor and H. V. Monitor Buffer 
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let by • voltage derived from the <fl2 volt regulated lource instead of the 
unregulated >15 volt source. This provides a more nearly constant IR 
detector signal output by holding the detector at a set temperature in the 
range 90* to 95*K. 
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Section 3 

MECHANICAL CHANGES 

Two changes occurred during the contract period affecting the mechan- 
ical configuration. The first was the alveration of thermal control surfaces 
(Engineering Change 003), and the second, was the change in the scan drive 
lubrication (Engineering Change 008 and 01^). 

THERMAL CONTROL SURFACES 

The VISSR has the following four thermal control surfaces: 

1. End cover over the scan mirror cavity 

i. Encoder covers 

3. Radiative cooler shield 

4, Radiative cooler adapter 

The first three items are surfaces covered with reflective tape, and the 
fourth is covered with a thermal blanket. 

During the SMS program, there was evidence of debris in a cavity 
adjacent to the primary mirror that apparently migrated from the thermal 
control reflective tape. If this had not been .icticed, it is conceivable that 
the debris could have migrated into an area around the primary focal plane 
and caused an optical obscuration. This being the case, the tape was elim- 
inated from areas in the vicinity of the scan mirror opening. 

The proposed and subsequently approved proposal for eliminating this 
potential problem in the GOES B and C instruments was to eliminate the tape 
and perform the same function by use of polished reflective finishes on the 
applicable surfaces. This resulted in the use of a polished aluminum end 
cover over the scan mirror cavity, and polished aluminum encoder covers. 
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The changes are Indicated in Figure 3>1 • a drawing of the end cover, and 
Figure 3*2 - a photograph of the encoder cover. A sample of the polished 
aluminum was forwarded to NASA/CSFC where it was verified that the new 
surface met or exceeded the emissivity requirements previously provided by 
the reflective tape. 


SCAN DRIVE BEARING LUBRICATION 

SMS 1 developed a VISSR scan drive anomaly following nine months of 
operational use. The scan mirror stalled at the south end of the frame near 
the normal frame limit. The anomaly resulted in narrowing of the useful 
frame as a function of operational time. Investigations revealed that the 
problem was caused by abnorina.' lubrication buildup in the scan drive bearings 
at the frame end. The problem resulted in an extensive effort for determining 
an optimum lubrication method to assure trouble-free operation of future 
instruments. The original bearing lubrication method utilized burnished 
MoS^ on the balls and raceways togetiier with a Rulon "A" ball cage. This 
method, because of the limited bearing rotation, resulted in excessive lubri- 
cation buildup at the scan limits to the extent of causing excessive bearing 
friction. The optimum lubrication method has been determined to be a 
sputtered MoS^ lubrication system precisely controlled to a thin application 
together with a bronze bearing retainer rather than the Teflon/lubrication 
transfer type retainer. This improved scan drive lubrication method is used 
on the GOES B and C instruments. The lubrication investigation and develop* 
ment are described in a detailed report included in Appendix A. 
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Figure 3-1. Encoder End Cover 
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Figure 3-2, Encoder Torque Motor with Cover 
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Section 4 

SUMMARY OF FAILURE REPORTS 
FOR BOTH INSTRUMENTS UP TO 15 NOVEMBER 1976 
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Srction 5 

INTEGRATED PHOTOSENSOR (IPS) POTTING VOID PROBLEM 


The first indication of a problem with the Integrated Photosensor (IPS) 
units was when the GMS-1 radiometer had a high*voItage failure in IPS S/N 
009, This was found to be the result of a potting void under the high*voltagr 
multiplier board. Figure 5-1 shows a drawing of the IPS cross section. The 
area of failure is near the right-hand vertical standoff on tlie lowerntost 
board just above the pliotoniultiplie r. Figure 5-2 through 5-4 are photos of 
the actual paitially dissected hig)i -voltage converter. The black spot in the 
right-hand portion of both photos is the area of the failure. Table 5-1 gives 
the operating history of this GMS failed IPS unit. 


Table 5-1. Operating History of GMS IPS SN OOd 


VACUUM TESTS AT [MR 

100 hours 

VACUUM TESTS AT SBRC WHIIE 
INSTALIEO IN THE VISSR 

oOO hours 

VACUUM TESTS AT THE 
SPACECRAn lEVEl 

JO hours 


720 hours TOTAI VACUUM TIME 

IPS EAIIEO ?0 hours INTO THE FIRST 

SPACECRAFT VACUUM EXPOSURE 

THE LONGEST PREVIOUS EXPOSURE AAS }«0 hours 
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Figure 5-2. CMS IPS S/N 009 Failed Unit Partly Cut Apart 
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Figure 5-4. GMS IPS S/N 009 Failed Unit - Expanded View ol Void 


SRK( 


The IPS design had brrn previously develop<tO and qualified during the 
SMS contract. The second purchase lot of IPS units for CMS, GOES, ani 
VAS were to be manufactured Identically to the previous lot with the excep- 
tion of certain approved changes to manufacturing procedures. 


All the existing bi IPS units pu ‘chased In the second lot contain 
questionable potting In the area of the high-voltage multiplier. Table 
gives a description by instrument and project of the ii suspect IPS units. 

In an attempt to establish some type of reliability status for these units, a 
thermal- vacuum life test was conducted. This test used the seven GOES, 
three GMS, and one SMS spare units. All units were placed In thermal 
vacuum at 40*C and I v 10*^ torr pressure for a proposed 90-day test. 

The high-voltage monitor point was recorded continuously for the duration 
of the test. The anode current and oscillator output waveform were checked 
twice weekly or when any irregularity occurred on the high-voltage monitor. 


Table i. Distribution of Suspect IPS Units 


CMS'I 

• 

cocs-s 

1 

CMS -7 

1 

cots-c 

1 

CMS • SPARES 

J 

COCS-0 IVASI 

1 

CMS • fAllED 

j SN OW 

cots • SPARES 

A 


n 

cots • fAllEO 

1 SN 1?) 



cots • RROKEN 

1 SN 109 


K 

tOIAl IPS UNITS PROCURED 
IN THIS MANUEACTURINC Id U 
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A« thi* failurt* mode ia rrlatni to thr duration of continuous vacuum 
oxpoHurc, the data (rum the shorter vacuum expoNuri>s at the spacecraft 
level are of questionable value, Ke^ardless of this, the numerical pre- 
diction is K**ne rally uselul in descrihinK the possibilities of an operational 
(ailu re. 

I he eleven IPS units cum*ntiy under test at SHKC have been in thermal 
vacuum for I, 171) hours as of 2.1 June l‘)77. Table S-i, the thermal-vacuum 
life t(>st status, ^ives the serial numbers and history of this test. One mal- 
function has occur retl to dale involving the (lOKS IPS unit, S«*rial No. 121. 

Ihis unit had undergone t OU hours of the rmal- vacuum teslinx (>rior to delivery 
from FMU, the man'dacture r; the lailure in the SlUtC vacuum test occurred 
at S7*> hours into tin* test. 1 he lailure symptoms were identical to thi* OMS 
unit, Serial No. 0l)‘», that failed while installed in th«* GMS spatecraft. Moth 
failures occurred alter relatively short vacuum exposures when compared to 
the total length of the vacuum life test. No additional failures iiave occurred 
durinii! the remaining IHUU hours of the test. 

table S-l. Status of IPS Vacuum Life Test to Pate 


101AI HCMIRS to OATf 7)70 
<77 JUNI 77 ( 

SN 17) lAIUD AllfR 
V) SOURS (MRSUAIIURI 
SYMPtOMS OCCURRin 4/V77I 


GMS IPS SN 

(lU 017 

mi 

SMS IPS SN 

)7 


cots IPS SN SN 

117 17) 

117 174 

171 D) 
177 


Until this lat«*st t«*st seri«*s usln^ the eleven spare IPS units, the longest 
vacuum exposure any of tin* If’S units ha<f b«*en subjected to was approximately 
100 hours. I his addition<il vat. uum exposure has provided more substantial 
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information for Krni*ratin|t preliminary reliability Ntatiatic*. Maned on all 
accumulated tent bourn to date lor GOFS, GMS, and n|>are tuben, approxi- 
mately SO. unit bourn of vacuum tentin^t have been conducted. Dorinti 
tbin period, twt) IPS unitn have failed from apparently tbe n tme vacuum 
related (Hitting deficiency. Tbe mean-time-between-fallure (MTMF)calcu- 
lationn baned on tbene data ^ive an M l' HI*' of ‘MOO bourn for a ningle IPS unit 
at a ‘»0“'». confidence level. 


Atlmittedly, tbe tent data are ntill nomewbat limited, however, it pointn 
to an "infant mortality" failure type tor tbe potting void problem. If tbin in 
true, an it appearn to be, extended tbe rmal-vacuum tenting of at leant I SOO 
bourn could effectively ncreen the incipient failure^ from each uroup of IPS 
unit n. 
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DEVELOPMENT OF A SPUTTERED MoS^ LUBRICATION SYSTEM 
FOR THE VISSR/VAS SCAN MIRROR SUPPORT BEARINGS 
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In the VISSR scan mirror drive development p'uase, a servo system in- 
corporating an optical encoder was selected over a lead screw and stepper 
motor. The optical encoder's poor tolerance of center shift and the off-center 
holding torque requi rentents dictated the use of precision ball bearings over 
flex pivots. These bearings were required to be large and highly preloaded 
to support the approximately 38-pound mass of the scan mirror structure 
with the required precision. A Fafnir AMVW547 WOD MRR DB Torque Tube 
Bearing was selected for this application. 

The original lubrication scheme utilized a Rulon "A" ball cage and a 
manually burnished MoS^ filnt on the raceways and balls. This was decided 
after oil and greases were rejected for possible outgassing and filni creep 
problems. The Rulon "A" cage provided a teflon transfer film while the bur- 
nished MoS^ formed a temporary wear barrier during run-in. 

The VISSR bearing application requires a limited scan iTiotion of ±5® 
about a nominal center point. An absolute niechanical limit exists at ±6. 5" 
about the same center. Each of the two bearing pairs is mounted within a 
precision optical encoder (see Figure 1). These bearings serve the dual pur- 
pose of providing a precision mounting for the optical encoder disk and sup- 
porting the approximately 38-pound scan mirror structure. 

The VISSR/VAS five-year rnission requires a minimum of two complete 
scan frames (pictures) per hour or 87,b00 cycles. The scan mirror is stepped 
in increments of 1 9. 775 a rc seconds at a rate of 1.667 steps per second dur- 
ing the forward or "picture taking" scan. It is ihen retraced using the same 
step size, but at a rate ten tintes the forward rate. Each scan and retrace is 
composed of 1820 steps each or approximately lO*’ of travel. The bearing ball 
travel is limited to 5. 31“ on the inner race and 4. 69” on the outer race by this 
frame size. 

As a result of excessive transfer film accumulation within the SMS scan 
mirror encoder bearings, an attempt was made to replace the Rulon "A" sepa- 
rator with a material having a lower transfer rate. At the recommendation 
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of the Fafnlr BearinK Corporation and several other hearing experts, the 
CMS and GORS encoder bearings were procured with Meldin PI-30X ball 
separators. This material was thought to have a lower transfer rate due to 
its reduced teflon content. 

After receipt of the bearings, a vacuum life test was started using bear- 
ing SN 029. The bearing was installed in the life test fixture as received with- 
out a run-in. The life test procedure is a duplicate of the VISSR scan pattern 
with the exception that rather than 1820 steps, the fixture uses approximately 
600 steps to cover the lO” scan. A times-ten acceleration factor is used to 
allow the test to be completed in a reasonable time period. Greater accelera- 
tion factors are not usable due to the transfer characteristics of the retainer. 
The results of this test are shown in Figures 2 and 3. 

The rolling and static friction of test bearing SN 029 increased only 
slightly over the 102,000 cycles of the test period. The end-of-scan lubri- 
cant buildup started at 2,000 cycles and reached 20 inch-ounces by 12,000 
cycles. 

The end-of-scan peak buildup at 102, 000 cycles reached 50 inch-ounces. 
At this time the behavior of the Meldin P1-30X ball separator was not signifi- 
cantly different from that of the Rulon "A" material previously tested for the 
SMS program. 

As an outcome of the Meldin bearing tests, an investigation was started 
into other more suitable lubrication systems. These centered about RF sput- 
ter deposited MoS) films using various ball cage materials. During discus- 
sions held with the encoder manufacturer (Baldwin Electronics), it was dis- 
covered that a considerable run-in of the bearings was incurred m the shaft 
grind and disk centering operations. As Baldwin had been instructed to mini- 
mize run-in to prevent excess transfev filni buildup this can^e as a ju .‘prise. 
The run-in totalled approximately 4800 revolutions at 18 rpm, and is an es- 
sential part of the manufacturing process. As a result of this information, 
all subsequent test bearings were given a siniulated run-in prior to oscilla- 
tory testing in the life test fixture. 
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At this time, s second Meldln separated bearlnK test was started at the 

urKintt of GSFC. The test utilized hearing SN 032 borrowed from the CMS 
'w* 

prugram. To more closely simulate the actual test history of an encoder, 
these bearings were given the 4800- revolution run-in at 10 rpm prior to the 
sta/t ol the test. The initial torque values were comparable with previous 
tests. The end-of-scan torque buildup began immediately but did not rise as 
rapidly as before. Static and rolling friction appeared to be normal until 
approximately 30,000 scan cycles had been completed. After that point the 
static friction began a raoid rise with peak static friction levels exceeding 
20 inc' nces by 75,000 cycles. These data arc illustrated in Figures 4 and 5. 

Photographs of the ball tracks (Figures 6 through 10) show a uniform 
transfer film was established during the run-in. This was distor*ed by the 
oscillating ball motion creating evenly spaced areas of disturbed and undis- 
turbed film. The undisturbed film is smooth and even when examined at up 
to 30x. The areas of disturbed film, where the oscillating ball tracks appear, 
are composed of between 30®o and 90% bare metal. The remainder is covered 
with a transfer film of various thickness as indicated by the optical fringe pat- 
terns. The "bare" areas may have some coating but it is not apparent when 
examined optically. The ends of the ball track have obvious accumulations of 
transfer film debris. This was squeezed into a semi -circle by the contact 

O 

ellipse. The heights of tiiese accumulations are between 12, OOOA and 20, OOOA 
above the bearing surface. 

The net force of 72 balls pressing simultaneously against the ramps 
created by these accumulations is the cause of the end-of-scan torque buildup. 
The missing transfer film from the ball track areas is either clinging to the 
balls (this has been observed) or has flaked off the surfaces. The rough tex- 
ture of the ball- raceway interface created by the partial removal of the trans- 
fer film is the cause of the increased rolling and static friction. Photographs 
of bearing SN 032 in various magnifications are show’n in Figures h through 10 
as examples of the problem. 
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Finure 4. Hearing Life Teat of SN 032, Rolling and 
Static Friction 



Figure 5. Bearing Life Teat of SN 032, Fnd of Scan 
Peak Torque Buildup 
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Kiiiure 7. Bcarin>> SN 032, Inner Race, Higher Mann'fication 
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Figure H. Bearinu SN 932, Inner Race, Hipher Magnification 
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The results of these tests show that transfer film lubrication systen^s 
are unsuited for applications wherein bearing motion limits or prevents a uni* 
form replenishment of the transfer film. This problem is compounded by a 
combination of ball spacing and angular motion that prevents the interlockinii 
of the ball tracks. Without this, the end of scan debris created by the balls 
from the transfer film is not removed by the adjacent balls. 

Supportinij information is presented in the Appendices. Appendix A 
describes an examination by Mr. Charles F. Vest (GSFC) of a Hulon "A” 
separated bearing tested in the ten-times accelerated VISSR fixture. At the 
tiiue this test took place little was understood about the transfer film phe- 
nomenon at SBRC. As a result, some test data points related to the end-of- 
scan buildups were lost. The liearini^! use<l in this test had received no pre- 
vious run-in, thus was free of a uniformly distributed transfer film. The 
photonraplis included in Mr. Vest's report confirm an accumulation of the 
transfer film at the end-of-scan positions. The region between the ball tracks 
appears to be nearly free of transfer film. ITsinn a count of the interference 
pattern fringes, the film appears to be 1 ti, 500A (3X) thick in the peak buildup 
region. The film thickness in the normal ball track region is apparently less 
than 1400A (1 M\). 

In the CiSFC report it should be noted that the same number of frin^jes 
appear on either side of the ljuildup peak. If the l)uildup were due to the balls 
wearing or sinking into a previously deposited film, a greater number of 
fringes would appear on the side toward the ball track. If it is occurrinn as 
a result of a continuously deposited film, wherein the film remains very thin 
(< I MX) in the ball track region, and tioes not exist beyond the buildup, the 
fringe pattern will be symmetrical as observed. 

A contradiction exists here in that the ball )»eometry theoretically pre- 
vents a direct separator-to-ball, bal I -t o - raceway t rans fe r. This is explained 
in the memo of G. K. Hobbs (Appendix H). The transfer does occur as illus- 
trated in the Vest memo; the mechanism is not understood at this time. 
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A lecond memo, by ii. S. Noji, Hughei El Segundo (Appendix C), involves 
the analysis of a test bearing SN 007 previously run-in with a Rulon "A" sepa- 
rator by Baldwin Electronics. This resulted in abnormally high rolling and 
static friction. After this occurrence early in the program, Baldwin was in- 
structed to minimize bearing run-in. The bearing was sent to Fafnir for 
cleaning and replacement of the Rulon "A" separator with a Meldin separator. 
When the bearing w'as reinstalled in the test fixture, it became apparent that 
the previous transfer film had not been completely removed. 

The bearing was then sent to Mr. Noji for analysis to verify this theory. 

It should be noted that a great similarity exists between this test bearing and 
the appearance of SN 032. 

SPUTTERED MoS^ LUBRICATION SYSTEMS EVALUATION 

During the initial attempts at developing a sputtered M 0 S 2 lubricativ)n 
system bearing, SNs 022, 024, 025, 02b, and 030 were sent to GSFC who then 
subcontracted the spatter coating of the raceways to Ilohman Plating. Bearing 
SN 022 was returned to SBRC for vacuum life testing with what is believed to 
be between 6, OOOA and 12, 000A of MoS> on the raceways. The balls were un- 
coated and a phenolic (Synthane LLB-3) ball separator was used. 

During the oscillating motion (t5 ) life test, static and rolling friction 
remained nominal: however, a significant end-of-scan buildup began within 
the first 700 cycles. This buildup reached 10 in.-oz by 3000 cycles. Over- 
running the buildup ten times on each end-of-scan reduced the peak torque 
required to less than 7 in.-oz. The test was restarted and by 3780 cycles the 
peak had returned to II in.-oz. The test was suspended while the bearing 
was given approximately 4000 revolutions at 10 rpm. After restarting the 
test, the bearing torque characteristics followed the original plot almost 
exactly, reaching a peak end-of-scan torque in excess of 20 in.-oz by 10, 000 
cycles. A plot of the worst-case end-of-scan buildup is shown in Figure 1 1. 

The test bearings SN 022 were then disassentbled and photographed 
using a SEM. Due to the large size of the bearing raceways and the limited 
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Figure 11. Bearing Life Test, SN OZi, End of Scan 
Peak Torque Buildup 


volume of the SEM chamber, the photographs are confined to a small area of 
the inner race (see Figures 1^ through 15). The photographs illustrate the 
excessive thickness of the coating and the action of the balls in forcing the 
material to the sides and into a buildup at the end-of-scan position. 

A meeting was held at Fafnir with Mr. Vest (GSFC), Adolph Betterini 
(Fafnir), and G. Barnett (SBRC) in attendance to examine additional MoS^ 
coated bearings and to perform preload and torque tests on them. One of 
these bearings, SN 030, was then brought to SBRC for life testing. The re- 
sults of this life test were essentially a repeat of SN OZi. A i>lot of the worst- 
case end-of-scan buildup is shown in Figure 16. 

It became apparent through tests of bearings SN 022 and SN 030 that the 
thickness of the Hohman coatings was in excess of that required by this applica- 
tion. Due to the logistics problems of dealing with an east coast firm, contracts 
were negotiated with Technology of Materials in Santa Barbara, and Ron Christy 
of Hughes El Segundo, for development of suitable sputtered MoS^ coatings. 
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The hall was initially uncoatecl. Some transfer of 
sputtered MoS^ has occurred during bearing testing. 
The MoS> appears as splotchy layers of approximately 
uniform thickness. Two bubble inclusions can be seen 
in the lower center of the picture. 


Figure \i. SEM Photograph of a Ball from Fafnir Bearing SN Oli 
(X200 .Magnification) 
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The renion between arrows 1 and 2 is composed of 
M 0 S 2 scjiieezed out of the ball contact ellipse tow'ard 
the hi^h side of the inner race. The track of the con- 
tact ellipse lies between arrows 2 and 3. The low 
side M 0 S 2 accumulation lies between arrows 3 and 4. 
Above arrow 1 is nearly undisturbed MoS? replicatinjt 
the steel surface beneath it. Most of the apparent 
scratches are in the MoS^ coating jjenerated by wiping 
the raceway a fte r-coat injt in an effort to eliminate 
excess MoS>. 


Figure 13. SFM Photograph of Inner Race Hall Track from Fafnir SN 022 
(X 1 00 Magnification) 
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Arrow 1 points to one of the 144 end-of-scan lubricant 
accumulations. It should be noted that these appear 
on the side of the contact ellipse and not directly in 
front of it. Arrow Z. points to a depression probably 
caused by yrit in the bearing. 

F'luure 14. SEM Fhotonraph of the Inner Race Ball Tra^k from 
Fafnir SN OZZ (xlOO Magnification) 
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This is a further enlar|{ement of the previous area 
showinK greater detail. The b.ill contact ellipse ap- 
proaches from the upper left, and stops in the center 
of the photograph. It then retreats toward the upper 
left. The MoS^ debris to the right was created dur- 
ing one of the two run-ins the bearing received while 
in test. 


Figure 15. SEM Photograph of the Inner Race Ball Track from 
Fafnir SN 022 (x500 Magnification) 
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Fisure 16, Rearing Life Test 1, SN 030, End of Scan 
Peak Torque Buildup 


The initial probleni was in the development of a process for removal of 
the existing MoS^ coating fronn the available test bearings. This was done by 
Ron Christy and is documented in SBRC Specification 1 586Q, 

The bearings coated by Technology of Materials utilized a hard under* 
coating of titanium carbide with an overcoating of MoS^. The M 0 S 2 coating 
of these bearings tended to flake off, causing excessive rolling and static 
friction. Technology of .Materials was eventually dropped as a lubrication 
source for this particular bearing. 

The coatings applied by Ron Christy proved to be durable and reproduc- 
ible from lot to lot. Initially, sevcvral conibinations of coating thickness and 
ball separator niaterial were tried. These included uncoated phenolic sepa- 
rators with coated balls and races: coated bronze separators with coated balls 
and races; and full complenient bearings with coated balls and races. Only 
the bronze separated bearings proved to be satisfactory for this particular 
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Application. Ball ■«p«ratori of Nitronic 60 ateel were fabricated although 
never tested because of the apparent success of the bronse separators. 

A group of commercial bearings were purchased from Split Ball Rearing 
(SRR) for the initial tests as flight grade f'afnir bearings were unavailable. 
These gave misleading results due to poor ball size matching. When the SRR 
bearings were dlsassen^bled after life testing, as few as 12 of the 36 balls 
were found to be carrying the entire load. The end>of«scan torque buildup 
for these bearings is the sum of the forces necessary to cause each of the 
72 balls to climb its own buildup times their average distance fron) the cen> 
ter of bearing rotation. With the smaller number of balls carrying the entire 
load, the surface pressure per ball increased. However, due to the finite 
coating thickness, little increase occurred in the actual end*of-scan torque 
buildup. This caused the cnd-of>scan torque buildups to appear smaller for 
a given coating thickness. As the coating thickness of MnS^ approached the 
ball tolerance, the end-of-scan buildup began to rise rapidly. 


When flight grade Fafnir bearings becanie available with their tighter 
ball tolerances, the thickness previously chosen using the commercial SRR 
bearings proved to be excessive. Fafnir bearing SN 024 was coated with 

O 

2400A on the balls and races, and 4500A on the bronze separator. The re- 
sults of its test are shown in Figure 17. Rearing SN 024 was then stripped 
and recoated with lOOOA on the balls, races, and separator. The results of 
subsequent life test of the bearing are shown in Figure 18. When examining 
this graph, it will be noted that some end-of-scan buildup continues to appear 
although the thickness decrease froni 2400A to lOOOA had a significant effect. 

Rearing SN 025 was initially coated with 2400A on the raceways and balls, 
and 4500A on the separator. This bearing was then placed in a special fixture 
for determining if excessive wear would set in after an extended operating 
period. A 10-cycle per minute rate was used with a sinusoidal scan pattern. 
The (X200) acceleration factor n^akes any conipartson of rolling, static or 
end-of- scan torque buildups nearly meaningless Figure 1 b illust rates the 
results of this test performed in a dry N'^ chamber. No abnormal wear pattern 
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Fluure 17. Bearing Life Teal I, SN 0Ji4, Fnd of Scan 
Peak Torque Buildup 



Fijiure 18. Bearing Life Test 2, SN 024, End of Scan 
Peak Torque Buildup 
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Figure 19. Bearing Life Test 1, SN 025, End of Scan 
Peak Torque Buildup 



Figure 20. Bearing Life Test 2, SN 025, End of Scan 
Peak Torque Buildup 
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or torque huildupa occurred during the teat, Vlaual exami n.ition after bearing 

diaaaaembly ahnwed no n^echanical wear. SN 025 waa then at ripped and re« 

> 

coated with lOOOA of MoS^, A aecond life teat of thia bearing at the normal 
(XIO) accelerated rate ia shown in Fijjure 20. 

Prior to the initial teats of bearin^js SN 024 and 025 with a 240CA coating, 
the COES "C"{VISSR) encoder bearings SNs 026 and 030 were committed for 
coating. This action was probably protnature; however, baaed on exiating 
knowledge and the presaure of a schedule slip, it seetr>ed reasonable. After 

O 

coating with 2400A to 2H00A and a 4800 revolution run-in, these bearings w’ere 
placed in the life test fixture. 

T.ible 1 gives the ti suits of the test. 


Table 1. Test Results 


SN 

.Scan 
Cy cle s 

Average 
Static 
F riction 
(in. -oz) 

Ave rage 
Rolling 
F'riction 
(i n. -ozl 

F’eak Buildups 

C\V 

(in. - oz) 

ccw 

(i n. -oz) 

02«i 

0 


0. 80 


0. 00 

02 1> 

4, bbO 


0. 75 

mSBM 

3. 20 

02b 

t>, (>75 


0. 05 

2. 50 

3. 85 

02 b 

1 1, 505 

1.15 

0.85 

3. 00 

4. 55 

030 

0 

1 . 80 

1. 50 

0. 00 

0. no 

0 30 

4, b»)0 

1. 70 

1 . 45 

b. 0 

7. 20 

0 30 

ti, b75 


1.45 

3. 75 

t). 7 5 

030 

1 1, 505 

IBB 

1 . 35 

7. 50 

1 1. bO 


The obviously high end-of-scan buildup caused the bearings to be re- 

A 

stripped and coated with lOOOA on the races, balls, and separator. After 
recoating the bearings were again run-in for 4800 revolutions and placed in 
the life test fixture. Table 2 gives results of this test. Based on these test 
results, bearings SN 02b and 030 were released for use in the GOES "C" 
(VISSR) encoders. Some end-of-scan buildup will occur: however, it should 
not become a significant factor in their operation. This is borne out by the 
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T.iblc* 1 . I’piit Uf’Hults 


SN 

.Sc .1 n 
Cycles 

Average 
Static 
Friction 
(in, - or) 

Ave ra^e 
Rolling 
Friction 
(in. - or) 

Peak Buildups 

CW 

(in. -oz) 

ccw 

(in.-oz) 

02t> 

0 

1. 30 

1 . 20 

0. 00 

0. 00 

02t' 

1, 200 

0. 05 

0. 75 

1. 75 

1. 35 

02n 

i, 0.*5 

1 . 10 

0. ‘»0 

1. 75 

1. 75 

OiO 

0 


1.50 

0. 00 

0. 00 

OiO 

I, 200 


0. 85 

2. 00 

2.25 

OiO 

i, 'MS 


0. ‘»5 

I. 75 

4. 50 


lift* tt*st of SN 02-1 .iml SN 0.1 S .ifter .1 spioncl lo.itipji with 

lOOOA ol riu* worst- case* pt*ak buildup shown in F'ifjurps IK and 20 does 

not fsi’eed 1. 50 in.-o/. alter 48, 000 eyries f«ir SN 024 and n. 40 in. -o/. after 
14, 000 ryrles for SN 025. The second ljearin>» (SN 0251 apparently has a 
thicker c«>atin>i than .SN 024. The current coating toler.nu'e as specified in 
SnUC process specification |5Kt’‘> is l200A. Durinn the period whenbearinns 
Sn 024, 025, 02n, and OiO were coaled, the tolerances were held to approK- 
imately t500A. 

After the test results for the second sputter coatinji of iiearin^s SN 024, 

025, 02t', .1 nd OiO beiame availalile, the nominal coatin^i thickness per speci- 

. » 

fication I58n'* \.as reduced to 700A 1 200A. Ihirteen additional bearing pairs 
were processed to this specification with each beinc ^iven .1 2400-iycIe run-in 
followed !)y a 5(UH)-cycle i5’ oscillating ev.iluation of the lubrication coating. 
The post -test measurements .ire listed in Table 3. 

The end-of-scan buildups for .ill but two of the thirteen sets are approxi- 
mately the same as their static friction readinns. I'hi s can be interpreted to 
me.in th.it no measurable buildup is occurring;. The other two sets, SN 078 
and SN 08n, appear to have sliuhtly thicker coatings. This would not cause a 
SI |t;ni ficant problem in .ictual operation. 
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Prior to the vibration teatfi, SN 024 had received 48, 000 cyclea of oper- 
ation and SN 025, 14,000 cycles. The previhration data are shown in Figures 
18 and 20. A post -vibration examination of the hearings while installed in the 
preload fixtures revealed a small amount of black powder on the shaft outside 
of the bearin){s. This is thou^tht to be MoS^ powder dislodtied from the coated 
surface of the ball separator. This was borne out by tine increase in e d-of- 
scan buildup during the post - vibrat ion life test shown in Figures 21 and 22. 

This additional end-of-scan buildup is most likely due to the powder rolling 
out of the ball track and increasing the normal end-of-scan buildup. 

As the result of a test drive failure, the post - vib rat ion life test was 
stopped and restarted after 53, 250 cycles. To restart the test in a new fix- 
ture without the problem of misaligned end-of-scan buildup debris, the bear- 
inns were niven a 50 - revolut ion run-in. This short run-in caused the previous 
end-of-scan buildups to completely disappear. In the continuation of this test, 
the end-of-scan buildups reformed at approximately the initial rate. The data 
from this life test are shown in Finures 21 and 22. 

SUMMARY 

In summary, the tests performed to date verify the satusfactory t)pera- 
tion i^f a thin sputtered MoSj lubrication system. The tests also confirm the 
unsuitability of transfer lubrication systems for this jwrticular application. 
Roth systems have applications for which they are eminently suited, and con- 
versely other applications in which they would fail to perform satisfactorily. 

If the information and processes in this report are to be used, they should be 
thoroughly tested in the particular application in question. Very subtle <iiffer- 
ences in bearing: configuration, environment, or operating procedures can 
jjenerate serious problems. 
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Figure 2 1. Bearing Lift* Test 3, SN 024, Fnd of Scan 
Peak Torque Buildup (Post Vibration! 



Fiyure 22. Bearing Life Test 3, SN 025, Fnd of Scan 
Peak Torque ISuildup (Post Vibration) 
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Mr, .l.Tmcs Phonix, Code 731 date: February 9, 1973 

Mr. Charles E. Vest, Code 7C4 
Materials EnKincorint!: branch 

Examination of the SMS VISSR Scan Mirror Life Test nearinp;.s 
SDRC Reliability Summar>’ for the Final Design Review (10/17/72). 


I ntro d ucUon 

The suoject duplo.x pair of bearings were received for examination from 
the Santa Barbara Research Center (SBRC) installed in their test fixture 
(Figure 1) after having operated in a life test for 88,000 cycles (> 3 years 
of operational lifetime) in a vacuum of 10"^ torr, at 35'"'c, and in an 
osrillatoi 7 motion of 10^ clockwise ajul 10° counter clockwise while under 
a 45-lb preload. The lubricant was burnished M 0 S 2 on the races and balls. 
In addition, a Rulon A -f M 0 S 2 composite ball retainer was used to provide 
transfer lubrication. SBRC states that this lubrication technique is 
acceptable, as the tost results sliowed that the static friction increased 
from 1.0 to only 1.6 oz.in. ove^ the tost period. Because they detected 
a "detoni” at each end of tne 10 sweep by manual feel, they would like 
to use only the burnished M 0 S 2 film and eliminate the teflon-type Rulon 
retainer. 

B e aring Examination 

Torque measurements were made while the bearings were still installed 
in the test fixture (45 lb. axial load), and the results were as follows: 

Betw een the +10° and -10° detents, 1. 5 oz. in. 

+ 10 toward 0*^ . 3.8 oz.in. 

-10° toward 0^ , 5. 5 oz. in. 

0 toward -10° , 3.8 oz.in. 

0° toward +10° , 5.5oz. in. 

The detents were mentioned in the referenced report and are shewn in 
later photographs. 

The bearings were removed from the fi:dure (Figure 1) and were dis- 
assembled, and each component was o.\aminecl at various magnifications. 
Figure 2 pictures a closeup of the bearing and of one of the Rulon A 
fully machined retainers. It is obvious that the retainers were raided on 
the outer race land. Vei'y little wear ot tiie retainers at this land contact 
area or even in tlio ball pockets was evident. 

Buy U..^. S.nmg! Bonds Refu'nrh on t!je P.nroll Savings Plnn 
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Fip^i'rc 3 kIiOws a sample ber.rlnfj ball at 13X and two views of the ball 
surface at 200X. The uall is bright and shiny (like a new ball) with a 
few small spots of lubricant fi’m. This appearance suRjjcsts that the 
limited movement did not transfer any siRuilicant amount of teflon from 
the retainers and that very little MoS., was burnished onto the balls. 

The lop riRht pbotoRraph shows that tfie ball has a patchy film and a 
line of heavier spois of the transferred material. The top left jdjotoRraph 
shows that a va^oie film is present as indicated Ijy the scratches put in 
the film by a sluirp probe. The film appears to be thin and uenerally 
uniform (ejicejil for the above mentioned spot.s) and appears to be composed 
of the transferred Rulon and the burnished M 0 S 2 powders. 

Figure 4 shows the lubricating film on the outer race and the ball tracks 
therein. The ball tracks are in segments; one wherever a ball has 
oscillated. The ball tracks did not overlap. 

Figure 5 shows the lubricating film on the inner race where the balls 
have oscillated (36 areas) and also shows that the distance of o.scillation 
was not sufficient to allow balls to rotate into each other’s track. The 
200X photograi'hs of a ball track show areas with thick and thin trans- 
ferred film. Figure 6 shows three sections of the lubricating film, 
illustrating the plus and minus ends and the middle section of the ball 
track. The baild-up at each end is seen in the top and bottom photographs 
(dark gray areas). The center photographs show the middle of the ball 
track where a detent was formed during the test and where the film is 
ver>’ thin with a thicker build-up on the ball track edge. This build-up 
could be retransferred b\' ball .spin and slip back into the ball track, 
thereby repleni.shing the lubricant. The darker deposits are probably 
made up partly of the burnished MoS^ powders and the transferred 
Rulon (PTFE)*. 

In Figure 7 are shown two areas of the ball groove of the inner race 
showing variations in the amount of M 0 S 2 that was burnished onto the 
surface. It is understood that the burni.^iing method used employed 
a cotton swat and manual pressure in a process that was not designed 
for use on bearings that arc to operate more than a few cycles . 
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PlKCUHPion 

Thr follov'lnfT skolch IllDstrafcs my concept of the transferred film 
condition under a ball path. 




dgtent 


detent 
+ 10 ° 


Stop 


From the sketch and the photopraphs in Fip^iro 6, it appears that the 
ball action has transferred a film from the Hulon A retainer to the ball 
path and thr.t the film has mixed with tlie burnished M0S2. Also, it 
appears that tlie ball 1k\s pushed the film alonj; the sides and to each end 
of its track where the film lias formed a pile up. This action probably 
has creatcHl the detent at each end and is only detectable when the bearinR 
is rotated by hand past the pile up. In actual operation the detents 
would not be noticed as the balls would always travel the same distance 
in the same track without climbing over tlie pile up. 

Conclusions and Recommendations 


It is concluded from this examination that the lubricating technique used, 
although not thorough, was satisfactory* for this undemanding application 
as sliown Iw the test bearings whicli had operated more than the design 
lifetime of the VTSSR scan mirror and with the final torque values being 
well within the capability of the drive motor. From the lack of visible 
burnished MoS,, on the balls and from the evidence of incomplete film 
of burnished MT)S2 on the races, it is concluded that t’m burnished film 
would be inadequate to provide sufficient lubrication without the trans- 
ferred teflon luiterial from the retainer. Therefore, it is recommended 
for the next encoder’s bearings that a more complete M0S2 film be 
applied by burnishing oi* sputtering, and that the Rulon retainer still 
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be U8cd and thal tlio bonrincs bo nin-in Bovrral thousand revolutions 
before assembly into the encoder in order to transfer a film of 
teflon to the balls (see MRD transfer film run-in procedure). 

It is also recommended thal the operation of the bearinj;8 in an 
air environment be kept at a mininnnn. 


Charles E. Vest 


cc: H. Frankel 
M. Schach 
Branch Heads 
Section Heads 
R. Don ell 
D. Foroyce 
P. Durr 
R. Marriott 
.T. Evans 


Attachments: (7) Figures 


original page 

BIACK AND WHITC PHOIOGRAPH 




Figure 3. Three photographs of a ball showing the transferred film. The 
bottom view (13X) shows that the ball is still quite clean and bright and with 
a 'few small areas of transferred film. The top two photographs show the 
ball surface at 200X; left view shows scratches in the film (made with a 
sharp instrument) and some black speckled M 0 S 2 . the right view shows 
a band of thicker transferred film and M 0 S 2 . 



Kiumv '). 

Imicr r.u‘1* kill uriNtvc u ilh 
MriKiraU* kill (r.irkK iiuliiMlcd 
In' arruuN. 

5. 5X. 




Dark mass is heavy 
accumulation of trans- 
ferred teflon- M 0 S 2 
material at the ena 
of a ball track. 

200X. 


Frmge pattern of thin 
transferred film in the 
center region of a ball 
track. 

200X. 
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F mure G. 




Thrt'i* |)h«)(oura|)hs (200X) of 
HcclioriK of the IranHferred 
film in the inner rare txill 
track. The top and )x>ttom 
photo.4 Hhow the buildup at 
each end of the ball’s travel, 
and the center photo shows 
the middle of the ball’s track. 
The film from the middle to 
both the plLs and minus 
directions becomes thicker, 
but is still thin. The clear 
middle section (X) probably 
has a very thin transferred 
film that is difficult to 
discern. 
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black and white photograph 


Figure 7. 


Two areas of the ball groove of the inner race Top photo pictures 
burnished MoS, film on left (dark area) between ball tracks. Lower 
photo pictures Tjall groove near the land with only spotty MoS 
burni.shed film. Both photos are 200X. 2 
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Since the VISSR Encoder bearing balls do not normally run on the 
complete inner and outer races due to the limited scan angle, re 
tainer transfer onto the races tends to build up at the end of 
scan positions of the balls. It is therefore desirable to know 
how much the shaft must be rotated in order to roll the balls 
on all of the races. 


The equations for angular contact bearing motions from the 
reference were used to determine the encoder shaft rotation 
required in order to move a ball to the position of the next 
ball, considering both the inner and outer race contact points. 
The equations used were based on a fixed outer race and unit 
rotation of the inner race. The required motion was then simply 
found by noting that the balls are spaced 10 degrees apart. 

The equations are 


9 

cage 


wrt 


outer 


race 


0 

c 



m 


cos 


) 


^balls 


wrt 


inner race 


=-.5(1 f ^ cos • ) 


where 



ball diameter = 3/16 inch 
bearing pitch diameter = 2.897 in. 


' = contact angle = 17® 

9^ = .469 
c 

9fa = -.531 

So for an inner race rotation of 1®, the balls travel .469® ahead 
on the outer race and .531® back on the inner race as measured 
on the inner race. Therefore, in order to obtain a 10® motion 
on the outer and inner race respectively requires 21.3® and 18.8® 
rotation of the inner race. 
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If a full ball complement were to be used, then the rotations 
could be reduced to 15.8® and 13.9® for complete ball motion 
on the outer and inner races respectively. 



G. K. Hobbs 
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I. INTRODUCTION; 

During the GOES self-lubricated bearing "run-in" test operation at 
Santa Barbara Research Center, high torques developed by one of the 
bearing assemblies. It was suspected that this was probably caused by 
excessive and rapid lubricant transfer film build-up on the bearing race 
ball paths. 


In order to determine the possible cause of this "run-in" anomaly, 
the subject bearing assembly was disassembled and submitted to this 
activity for examination. The bearing assembly consisted of the Inner 
and the outer races, the ball retainer, and the bearing balls. 


II. EVALUATION PROCEDURES AND RESULTS; 

A. B ackqr/und History; It was reported that the assembly (Identified 
as S/h b007-l , manufactured by FAFNIR) had been used approximately 
three years ago in a Rulon A+5% M 0 S 2 (Teflon/MoS?/ Inert filler 
composite) "run-in" test operation. Recently, the subject bearing 
was returned to the manufacturer for re-cleaning. Upon receiving 
the supposedly cleaned assembly, U was placed In the test station 
for "run-in" with a Meldin PI-30X (polylmIde-Teflon) self-lubricating 
retainer. Almost Immediately after the start of this "run-in" 
operation, erratic, abnormal torque behavior of the bearing developed. 

B. Retainer Examination; 

1. Appearance; One of the retainer ball pockets was sectioned ^or 
microscopic examination. No noticeable topographical Irregulari- 
ties (e.g., wear scars) were observed on the ball pocket surface 
at lOOX magnification. 

2. Specific Gravity; The specific gravity of the retainer material 
was determined to be 1.59, as tested with a pycnometer. 
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3. IR Analysis: A small piece of this retainer material was 
ground with potassium bromide powder and analyzed with an 
Infrared spectrophotometer (KBr pellet technique). The IR 
spectrum showed the absorption bands which are characteris- 
tics of polylmide and Teflon. 

All of the above tests Indicated that the retainer material In the 
bearing assembly Is probably Meldin PI-30X, a Teflon Impregnated poly- 
lmide self-lubricating composite. 

C. Bearing Balls; 

1. Appearan ce; The surface of the bearing balls was mlcroscopl- 
caily examined, and photographed at lOOX magnification using 
a Reichert Ketallograph. Two heavy strips of transfer film 
(approximately 3.3 rnn long and 0.45 mm wide) were found 
directly opposite to each other (180* apart) on most of the 
balls (see Figure 1 ). 

2. IR Analysis: An attempt was made to partially remove the 

transfer films from the ball surfaces by placing the balls 
(22 each) and potassium bromide powder In a vial of vibrator- 
mixer, and agitating the vial vigorously. The ext>^acted KBr 
sample was molded Into a pellet, and analyzed with an IR 
spectrophotometer. IR analysis Indicated that the transfer 
film contained polyamides (I.e., nylon). No absorption bands 
which are characteristics of Teflon were found on the IR 
spectrum. 

3. SEM and EDX Analysis: The surface of one ball was examined 

by high magnification scanning electron (SF.M) photomicrography. 
The same areas were further evaluated with x-ray energy disper- 
sion spectroscopy (EDX) In the SEM analyzer. The EDX revealed 
that the ball surface contained molydbenum and sulfur. 

All of the above results Indicate that the ball surfaces contain film 
strips of an MoS 2 -impregnated, po lyamide-type lubricant. Teflon Impreg- 
nated polylmide ffrom the retainer) was noVdetected on the ball surfaces. 
It win be shown that the lubricant film readily transferred to the clean 
ball surfaces from the races already containing a polyamIde-MoS? film, 
before any transfer t film from the Meldin PI-30X self-lubricating retain 
er began. 

D. Inner Race: 

1. Appearance: The ball path of the Inner race was also mlcro- 

scopically examined and photographed at 100 X magnification 
using a Reichert Metallograph with white light (xenon) Illu- 
mination. A complete, 1 m long montage of the photographs, 
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equivalent to a 1 cm long segntent of the ball path, was 
prepared to show the appearance of the transfer film and 
their Interference fringes. Portions of the montage are 
shown In Figures 2 and 3. As shown In these figures, 
photomicrograph^ examination of the ball path revealed 
alternating bare and film containing segments. Each heavy 
transfer film section (approximately 2.6 rmi long and 0.45 mm 
wide) Is followed by a bared transfer film section (about 
3.4 mm long and 0.6 mm wide). The light transfer film 
sections are believed to be contacted by the ball surfaces, 
causina transfer of the poorly adhering race film to the 
balls (Figure 1). At one end of each bared race path seg- 
ment, there Is a transfer film build-up, exhibiting colorful 
Interference fringes. Using the optical film thickness 
determination method described In Ref. 1, the thickness of 
the transfer film "bumps" was estimated to be about 12,000A 
(see Figures 2 and 3). It appears that a position of the 
removed transfer film within each bared segment was displaced 
(rol 1 -squeezed) to one end of the segment by the rolling 
ball. Note that the formation of similar bumps was reported 
In Ref. 2. The length of the segments Indicate a total 
Included angle of 5 degrees of bearing oscillation. 

2. Cotton Swab Test; The transfer film on the ball path was 
rather easily removed when rubbed with a dry cotton swab. 

This Indicated that the transfer film was loosely adhered to 
the ball path surface. 

3. Carbon Tetrachloride Extraction: An attempt was made, but 

without success, to remove the race transfer film with carbon 
tetrachloride. This Indicated that the transfer film could 
neither be delaminated nor dissolved In carbon tetrachloride 
(surface tension »27 dynes/cm). 

4. I R Analysis; The race was Immersed In spectroqual Ity grade 
DMF (N ,N-0imethylformam1de) , and an IR analysis was conducted 
on this DMF extract. It was revealed that the transfer film 
Is constituted of polyamides and inorganic nitrates. The 
presence of polyimide absorption bands was not detected. 

5. SEM and EDX Analysis: Due to the large size and configuration 

of the race, 5EM and EDX analyses could not be conducted on 
the bal 1 path surface. 

The above evaluations substantiated that the transfer film on the 
ball path and on the balls are polyamides , and not polyimides . 
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E. Outer Race: The outer race ball path appeared similar to that 

of the Inner race when cursorily examined with a magnifying lens. 
No further evaluation was« therefore, conducted on the outer race 
ball path transfer film. 


III. CONCLUSIONS: 

A variety of standard and special tests Indicated that the GOES 
gimbal bearing race ball paths may have been originally lubricated with 
an MoS?/ polyam1de (nylon) self-lubricating composite film Instead of the 
Teflon-containing Ruion A+5% M 0 S 2 layer, as It was previously believed. 

It cannot be said with certainty whether the original polyamlde/MoS^ 
film was formed by a "run-in" process of by some type of a st^ck-burnlshlng 
techrique. It Is, however, certain that the so-called cleaning procedure 
did not remove that film. It only caused a reduction In adhesion, which was 
shown thermodynamically feasible In Ref. 3 and Its actual occurrence was 
demonstrated In both References 3 and 4. 

It Is also apparent that during the recent brief "run-in" period with 
the Meldin PI-30X retainer, no polylmide transfer film of any observable 
kind formed on either the balls or the races. 


IV. RECOMMENDATIONS FOR FUTURE WORK; 


Currently, the only failure prediction technique dealing with the 
wear life of self-lubricated bearings Is the one developed by Hughes 
technologists (References 1 and 2). 


Actual gimbal bearing tests with a given composite are of limited 
value: the results are useful only to show short-term, first order bearing 

behavior^ unless the tests are life tests. With the ever-increasing life 
requirements for space vehicles, life testing Is rapidly becoming prohibi- 
tive In terms of both lead time and cost. Moreover, If the retainer 
material Is not selected by wear testing, starting full-fledged bearing 
tests with no or limited knowledge of fundamental composite behavior In 
bearings Is, to say the least, risky. 


Establishing confidence In long-term, 
formance requires the use of the Materials 
simulator apparatus and the composite wear 
(References 1 and 2). While Meldin PI-30X 
replace Ruion ^*SX Mo $2 as the GOES gimbal 
wear and transfer film formation mechanism 
nificantly different from that of Ruion A+5X M 0 S 2 


self-lubricated bearing per- 
Technology Department's bearing 
equations developed therefrom 
Is a reasonable choice to 
bearing retainer material, the 
of the Meldin Is probably slg- 


H. S. 
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PROC SPEC, bonding W/EPOXY ADHESIVE B 
PRCS-APPL OF flat BLACK PAINT D 


NUMBER ACL H434S-2 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


NO. REOUIRED FOR ONE 


SIZE 

DRAWING NO. 


NEXT ASSY 



0 1 

2 

3 

4 5 6 7 8 9 

10 

4MP19 

1 




3A 

14048 


X 



1C 

45P18 

1 



.. 

3A 

14048 


X 



10 

44620 

1 




3A 

14048 


X 



ID 

4 46 PI 

1 




3A 

1404 8 


X 



IB 

44817 

1 




3A 

14048 


X 



1C 

43437 

3 




10 

44248 

1 




IF 

4U344 • 


1 



lOA 

18842 



X 


4A 

1A762 



X 


10 

44343 


3 



IF 

43671-1 


1 



/ 

43671-99 



1 


ID 

24617 




AR 

llA 

18834 




X 

5A 

18760 




X 

20A 

18761 




X 

4A 

18843 



X 


lOA 

18842 



X 


5A 

18760 



X 


20A 

18761 



X 


16 

44428 


3 



IB 

44940-1 

AR 



IR 

44940-2 

AR 



' 1C 

44890-2 

1 




3A 

18863 


X 



1C 

44891 

2 




3A 

18863 


X 



10 

44040 

1 




3A 

18863 


X 



ID 

44939 

1 




3A 

18863 


X 



IB 

44900-1 

1 




IB 

44900-2 

1 




1C 

44767 

1 





titlf: rev H- 

VISSR scanner assy 


NOFENcLATURE rev 

trough, CA nL^•SCA^'^ER 
PRCS.APPL OF WHITF EPOXY COATING 
CLAf'‘F',CABLE-VlSSR/SMS SCNR 
PRCS-APPL of WHITF EPOXY COATING 
SUPFOPT CARI.F TROUGH SCANNER 
PRCS-APPL of WHITF EPOXY COATING 
NOUNT CmX TROUGH SCAMMER 
PRCS-APPL OF WHITF EPOXY COATING 
RETAIHFR CA^LF SCANNER 
PRCS-APPL OF WHITE EPOXY COATING 

hirrcr«almmt-vissp/shs-goes SCNR 

FRAME » ORAPKET ASSY-SCANNER 
FRAMt primary mirror 
MACHJ5STRESS REL BERYL, PROC 
chromic ACIP anodizing BERYL 
BRACKET, TANGENTIAL 
MIRROR ,PRIMARY-VISSR/SMS-G0ES 
MIRROR, PRIMARy(MAKE FROM 24617) 
BERYLLIUM STOCK, PPI MiR 
BERYL BLOCK, VAC HOT PRESSED 
prcs^passivation of beryllium 
PR rS SPEC-OPTICAL SYSTEM 
handling of pfRyuium parts 
MACHiSTRESS REL PtRYL,PROC 
PRCS-pASsIVATION of beryllium 
PRCS spec-optical system 
PIN primary mirror scanner 
weight » SLUG scanner 
weigft»slug scanner 
weight, balance-scanner 
PRCS-APPL OF flat BLACK PAINT 
weight, balancf, upper-scanner 

PRCS-APPL OF flat BLACK PAINT 
WEIGHT, balance, RIGHT-SCANNER 
PRCS-APPL OF flat BLACK PAINT 
weight ,bal ANCE,LEFT-SCANNER 
PRCS-APPL OF flat BLACK PAINT 
GROMMET alignment 

grommet alignment 
protective cover 


HUMBEK ACL 44345-2 
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original page ts 

OF POOR QUALITY 


NO. REOUlREr FOR ONE 


SIZE 

DRAWING No, 


NEXT 

assy 



0 1 

2 3 4 

!5 G 7 P 9 

3A 

190H6 


X 


IB 

HO3H0 

2 



ID 

HP770 

1 



3A 

1AAG3 


X 


1C 

9 

1 



ID 

HM7B5 


1 


/ 

H*;7*>5-99 


1 


3A 

1PPG3 


X 


3Ai 

19PH6 


X 


IB 

H«SP9H 


2 


1C 

HRP93 


2 


10 

HGPfS 

1 



2F 

49373 

1 



IF 

4P030 


1 


4A 

1P7F2 


X 


lOA 

1RP42 


X 


3A 

l*»04e 


X 


IP 

4P533 


1 


3A 

lflfiG3 


X 


1C 

4M031 


1 


1C 

4rGA4 


1 


1C 

45009 


2 


3A 

ineR3 


X 


IB 

4500B, 


e 


t 

49373-99 


AR 


/ 

49373-98 


AR 


IB 

4G717 


1 


2D 

45010-1 


2 


IF 

45011 


1 


/ 

45011-99 


1 


13A 

19104 


X 


2D 

45012 


X 


7A 

19973 


X 


4A 

10479 


X 


ISA 

19083 


X 


HA 

19970 


X 


15A 

19180 


X 


23A 

19975 


X 


9A 

19*»71 


X 


14A 

19049 


X 



TITLE REV H 

vxssR scanner assy __ 


NoNENcLATURC rev 

PRCS-APPL OF WHITF EPOXY COATING 
SPACFP. POSIT ION INF-SCAMNER 
CONNECTOR WPU 

FRCS-APPL of flat black PAINT 
CUP ASSEMBLY 

CUP.CONNECTOR-VXSRR/'SmS scnr 
CUP 

PRfS-APPL OE FLAT BLACK PAINT 
PRCS-aPPL OF WHITE EPOXY COATING 
CAP SCREW scanner 
SCR, CAPTIVE 

RXNG,SPCT,DFT & FOC-VISSR/SMS 
RAD COOLER % THERMAL DETECTOR ASSY 
adapter, RADIATION COOLER 

tHROMic acid anodizing beryl 

MACHASTRESS REL nERYL,PROC 
PRCS-APPU OF white EPOXY COATING 
PREAMP MOUNT BRACKET-SCANNER 
PRCS-APPL OF flat BLACK PAINT 
SHIM,hADlATTOM COOLER 
NUTPL ATE-SCANr ER 
COVER thermal preamp SCANNER 
PRCS-APPL OF flat BLACK PAlNj 
SPACER PREAMP MTG SCANNER 
XNSUl ,HT SHRK, .167lD,MlL-I-23t)53/fi 
FILM. plastic, .001, MIL-P-46112 
GASKET, PURGE 
PWB ASSY-THERMAL PREAMP 

Pwp-thermal preamp 

board, PL SH LAM 
XDENT OF detail PTS A ASSYS 
MSTR ARTwk-THERMAI PREAMP 
SCRN SPEC-JAMTX/JANTXV XSTRS 
AOJ PROC, therm preamp REG 
screening SPECS-TFANSISTORS 
identification of BULK ITEMS 
silicon n-chan field effect xstr 

GOES ELEC AHTfl PTS , ALT , XX-REF LIST 
PRCS spec-conf CTG U/SOLITHANE 
SPOT ponding elect components 


NUMBER ACL H43M5-2 
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ORIGINAL PAGE « 
OF POOR quality 


NO, REQUiRLT fob one 


SIZE 

DRAWir G NO. 


NEXT 

ASSY 



0 1 

1 2 3 

4 

5 

0 7 8 9 

IF 

44?A8 


X 




28A 

1RPF5 


’X 




ISA 

14304 


X 




3A 

155F0 


X 




9A 

19006 


X 




3F 

4f?00 


1 




ID 

‘♦0104 


1 




IB 

4F352 



1 



6A 

19077 




X 


ID 

40105 



1 



4A 

10.920 




X 


3A 

10063 




X 


1C 

40268 



1 



4A 

10920 




X 


7A 

19257 



X 



4A 

10902 



X 



IF 

40386 


1 




IF 

40103 



1 



/ 

40183-99 




1 


3A 

1R005 




X 


3A 

10003 




X 


3A 

19048 




X 


4A 

10920 




X 


ID 

40197 



3 



1C 

40198-1 




1 


4A 

19255 





X 

5A 

19247 





X 

1C 

46196-2 




1 


4A 

19255 





X . . 

SA 

19247 





X 

ID 

40201 




1 


4A 

10920 





X 

IB 

46202-1 




1 


4A 

10920 





X 

IB 

46202-2 




1 

» • - 

4A 

10920 





X 

1C 

40PC3 




4 


4A 

10920 





X 

IB 

46385 




4 


4A 

18920 





X 


Nomenclature bev 

ELEC DIAG-TMERMAL PREaMP 
tEST PROC-VTSSR El ECT SUBASSYS 
IDENT OF OFTAIL PTS i ASSYS 
PL»G0ES static sems items 
6SPEC PROT F7 SENS ELEC RTS A EOPT 
RADIATION cooler ASSY 
COVER ASSY, FILTER 
FILTER BANDPASS TKERMAL 
SPEC-rILTFR,RANDPASS-THRML CHNL 
COVER .FILTER 

GOLD PLATING, LOW EMITTANCE SURF 
PRCS-APPL OF flat BLACK PAINT 
filter-mount 

GOLD PLATING, LOW EMITTANCE SURF 
INSP,CLNGXlinLG REOT-SMS RADN CLR 
PROC SPEC.RONOING W/EPOXY ADHESIVE 
FIRST STAGE ASSY 
HOUSirG,COO* ER 
HOUSING 

PRCS SPEC-STABLZM HT TRMT ALaLYS 
PRCS..APPL OE flat BLACK PAINT 
PRCS-APPL of WHITE EPOXY COATING 
GOLD PLATING, LOW EMITTANCE SURF 

suspension rand assy 

BAND. suspension 
PROC SPEC FOR BANE, SUSPENSION 
PRCS SPEC APL VAC-OEP AU COATINGS 
BAND, suspension 
PROC* SPEC FOR RAND, SUSPENSION 
PRCS SPEC APL VAC-DEP AU COATINGS 
FITTING, main sUPPCRT 
GOLD plating, LOW EMITTANCE SURF 
FITTING, BANO SUSPENSION 
GOLD plating, LOW EMITTANCE SURF 
FITTING, band SUSPENSION 
GOLD PLATING ,LOW EMITTANCE SURF 
SHLDp bushing, SPNSN BAND 
gold plating, LOW EMITTANCE SURF 
SCREW 

GOLD PLATING, LOW EMITTANCE SURF 


title 


REV W . NUMBER ACL ‘♦‘♦3H5-2 


VISSR SCANNER ASSY 
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OWGlNAt PAGE IS 
OF POOR QUALITY, 


NO. RtOUiRED FOR ONE 


SIZE 

DRAWING NO, 

NEXT 
0 12 3 4 

assy 

5 f) 7 

IP 

HA47H-b 


4 

1C 

4pipg 

3 


iC 

HG?J7 

3 


ID 

HG?72 

1 


2F 

HG1P7 


1 

HA 

10920 


X 

ID 

4A?«3 


1 

HA 

1AR20 


X 

TA 

lR2r)7 


X 

ID 

H6219 


1 

HA 

10920 


X 

ID 

HR190 


1 

HA 

10920 


X 

IB 

HG47H-1 


6 

ID 

4'ilBO 


1 

ic 

44979 


1 

HA 

10920 


X 

6A 

19019 


X 

IHA 

19049 


X 

HA 

19302 


X 

4A 

19970 


X 

6A 

19410 


X 

13A 

191 04 


X 

6A 

19157 


X 

ID 

2fi7P3 


X 

ID 

207P4 


X 

IC 

4A274 

3 


1C 

40275 

3 


1C 

4A207 

3 


IB 

40472 

6 


IB 

40474-4 

6 


1C 

270P0 

X 


IB 

2F9n5 

X 


2F 

26G52 

X 


HA 

1P9G2 

X 


7A 

19297 

X 


10 

4F1P9 

1 


3A 

loef 3 

X 


ID 

46.192 

1 


/ 

46192-99 

1 



title Rev H 


NCKENclATlipr REV 

WARHrP,PLATFn(MAKr FROM NAS 620 C 6 L» 
NUT. PURPORT fitting 
RIMGtCAM 

FIRST STAGE HOUSING ASSY 
MOUSIfG,FlRPT stage 
gold plating »L 0W rMITTANCF. SUPF 
SKIRT. HOUSP'G 

gold plating, low emittance surf 
INSP,CLNG?.MPLG rfpt-sms radn clr 
RING, HOUSING 

GOLD plating, LOW EMITTANCE SUPF 
PLATE .TNSULATION PURPORT 
GOLD PLATING, low EMITTANCE SURF 
WASHER. PLATEDIMAKE FROM NASGPOCO) 
heater ASSY-FIRST STAGElSCD) 

PLATt .HEATFP 

GOLD plating, lOW EMITTANCE SURF 
APP sol 113/300 CONF COAT 
SPOT PONDING ELECT COMPONENTS 
PRCS-BOND 1-GT STG SHLDAHSG ASSYS 

identification of bulk items 

PRCSmSELECT STRIP POLYIMIPE INSUL 
XPI'NT OF detail PTS X ASSYS 
APPL OF MULTILAYER INsUL-RAD CLR 
TEMPlATE-FIRST STAGE INSULATION 
TEMPLATE-INSUL 1ST STAGE RADIATOR 
WASHER. anti-rotation 
LOCKNUT, CAM 
locknut, fitting 

SCREW, PLATEG(MA FF NASI 100C06-5 ) 
WASHER, PLATEniMAKE FROM NASGpoCG) 

BAse,alignmfnt housing 1ST stage 

WRENCH.UOCK NUT 
fixture, FIGST stage tension 
PR nC SPEC, PONDING W/EpOXY ADHESIV(v 

insp,clngahdlg reot-sms radn clr 

CLAMP, radiator 

PBCS-APPL OF flat BLACK PAINt 
radiator assy-first stage 
HOMEVCOMB 


number ACL HH345-2 


vxssR scanner assy 


sheet 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


NO. REOUIREP for ONE 
SIZE DRAWlf'G NO, NEXT ASSY 




0 12 3 

4 

5 

6 

ID 

4g1?3 


1 



4A 

1A9P0 



X 


3A 

19245 


X 



SA 

1«RG3 


X 



7A 

192F7 


X 



ID 

2A5G9 


X 



ID 

4A194 

1 




ID 

4FC42 


1 



4 A 

1R921 



X 


ic 

46195 


1 



4A 

1A920 



X 


ID 

46196 


i 



4A 

1A920 



X 


1C 

462E4 


1 



4A' 

1P9?0 



X 


HA 

1*^302 


X 



1C 

26606 


X 



7A 

19257 


X 



IF 

47024-1 

1 




ID 

46B95-1 


1 



IF 

45667-1 



1 


4A 

10920 




X 

iB 

45668 



G 


4A 

10920 




X 

1C 

45669 



6 


4A 

18920 




X 

IB 

45670 



6 


4A 

10920 




X 

IB 

45671 



6 


4A 

10920 




X 

IB 

45672 



6 


4A 

10920 




X 

IB 

45673 



6 


4A 

10920 




X 

1C 

46678-3 



3 


5A 

19298 




X 

5A 

19247 




X 

1C 

46678-4 



3 


5A 

19296 




X 

5A 

19247 




X 




- 

.. 

■ 


title rev H .. 


NOFENcLATUPE rev 

radiator, F iRJiT STAGE 
GOl-D plating, LOW FMITTANCE SURF 
EPOXY bonding ALUr HONEYCONB 

prcs-appl of flat black paint 

INSP,CLN6xHnLG REPT-SMS RADN CLR 
FIXT.iST stage honeycomb INSTL 

shtelp assy» first stage 

shield. 1ST STAGE, VISSR/SMSwGOES 
PRCMT spec-first STAGE SHIELD 
RING. peat XPFR 

GOLD PLATIMP.LOW PMITTANCE SURF 
FLANGE .support 

GOLD PLATING. LOW FMITTANCE SURF 
RETAINER, HT XFER 
gold plating, low PMITTANCE SURF 
PRCS-POND 1ST STG SHLDXHS6 ASSYS 
FIXTURE ASSY. RING TO SHIELD 
TNSP.CLNGJHPLG REPT-SMS RADN CLR 
SECORC STAGF assy (BAND SUSP) 

DEWAR housing ASSY (BAND SUSP) 

SHELL, DEWAR SUPPORT (BAND SUSP) 

GOLD plating, LOW PMITTANCE SURF 
SCREW, band support 
GOLD plating, LOW PMITTANCE SURF 
CLEVIS. 2ND stage BAND 
GOLD plating, LOW PMITTANCE SURF 
BUSHING, rand 

GOLD plating, LOW PMITTANCE SURF 
SCREW, CLEVIS 

GOLD plating, LOW PMITTANCE SURF 
SCREW, TENSION 

GOLD PLATING.LOW PMITTANCE SURF 
SCREW, adjusting 

GOLD plating, LOW PMITTANCE SURF 
band, suspension - SECOND STAGE 
SPEC FOR rand, SUSPENSION, 2ND STAGE 
PRCS SPEC APL VAC-DEP AU COATINGS 
BAND, SUSPENSION - SECOND STAGE 
SPEC FOR band, SUSPENSION, 2ND STAGE 
PRCS SPEC APL VAC*DEP AU COATINGS 


NUMBER ACL ‘(HSHS-Z 


vzssR scanner assy 
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OWGINRL PAGE B 

NO. ReOUIRED 

SIZE nPAWire no. next assy NcrENciATUPE REV 

0 1 2 3 4 E 6 7 G 9 


ID 

46P'»4 

1 



4A 

1A9P0 


X 


10 

47027 

9 



7A 

l«»257 


X 


2D 

27099 

X 



2F 

26504 

X 



10 

26560 

X 



4A 

1A962 

X 



7A 

19257 

X 



IF 

46041 

1 



IF 

455,12 

1 



1C 

44904 


1 


/ 

44904-99 



1 

10 

44905 



1 

10 

44906 



1 

ISA 

16849 



X 

10 

44907 


1 


6A 

19353 



X 

2D 

44976 


1 


1C 

44909 



1 

4 A 

18920 



X 

ID 

45229 


1 


10 

45397 



1 

10 

45396 



2 

1C 

45399 



1 

3A 

18863 



X 

ID 

45444 


1 


ID 

44910 



1 

/ 

44910-99 



. 1 

/ 

44910-96 



1 

/ 

44910-97 



1 

/ 

44910-96 



4 

/ 

44910-95 



2 


44910-94 



1 

IB 

44908 



. 1 

4A 

19092 



X 

2C 

28958 



X 

4A 

19426 



X 

3A 

19352 



X 

IF 

26219 



X 

T 

itlf 

HEV 

a.- 


HOUSlAGtBANP SUPPORT 

GOi.D PUATIMPflOW FMITTANCE SURF 

strip. hole pover 

INSP.CLNGAHPLG REOT-SMS RAON CLR 

STRn INST FIX.2STG 

TENSION FIXT,?ND STAGE 

FIXTrSEConP stage ASSY 

PROC SPEC, PENDING W/EPOXY ADHESIVE 

INSP.CLNGXHPLG REOT-SMS RADN CLR 

oewar/cable assy 

H6-Cr-TE nCTECTQR/OEWAR ASSY 

WINDOW ASSY 

BOPY, GLASS 7P20 

WINDOW. OeWaP 

FLANGE. KOVAP 

PROC SPEC,HGCDTE DET/DEWAR ASSY 
COLD shield 

PAINT. GLORS pLACK. EpOXY, ApL OF 

HEATER ASSY-2ND STAGE (SCO) 

HOUSING-2ND STAGE HEATER 

GOLD rUATTMf^.LOW EMITTANCE SURF 

SLEEVE ASSY-HEAT TRANSFER 

PLUG, SLEEVP 

SLEEVE 

FLANGE. SLEEVE 

PRCS-APPL OF flat BLACK PAINT 
DETECTOR MOHMT ASSY 
STEM ASSy.pFWAR 
GLASS tube, type 7052 
GLASS tube, type 7052 
GLASS tube, type 7052 
PIN, KOVAR .040 niA X .37 LG 
PIN, KOVAR .040 DIA X .56 LG 
PLATFORM 70*'2 GLASS 
FLANGE. STEM 

getter HaNPI ING INSTAL i firing 
vibration fixture, stem ASSY 

PROC SPEC-VTB ACC TEST VISSR DEWAR 
PS BNDG DET SURSTP ATEjCOLO SHLP 
ALNMT FlXT,nET-OEWAR.VISSR/GOES 


NUMBER ACL 44345-2 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


NO. reouircd for one 


SIZE 

DRAWING NO. 

NEXT assy 
0123H9A7 

.4A 

1GHR7 

X 

20A 

1R2H6 

X 

ID 

27P06 

X 

IC 

2A0S7 

X 

5A 

10979 

X 

IP 

29A90 

X 

7A 

10 PS 7 

X 

3A 

10415 

X 

HA 

lo?f3 

X 

10A 

1AA49 

X 

HA 

la?OQ 

X 

HA 

lofl92 

X 

HA 

10173 

X 

3A 

10 ? 02 

X 

2F 

HA ??1 

1 

1C 

HF 220 

1 

HA 

lAO?o 

X 

IC 

HA292 

J 

HA 

1 AO ?0 

X 

1C 

Hfi?9H 

1 

IB 

HAPie 

1 

HA 

1R9?0 

X 

IP 

H 6 P 12-1 

J 

7A 

19257. 

X 

IB 

H 95 H 2 

1 

HA 

10920 

X 

7A 

19297 

X 

5A 

1042H 

X 

IHA 

10049 

X 

6 A 

10410 

X 

8 A 

1O019 

X 

HA 

19970 

X 

IF 

207P5 

X 

IB 

HF216 

1 

3A 

1APG3 

X 

1C 

HS930 

1 

9A 

1 «H 1 

X 

IP 

H62P6 

1 

IB 

27323 

X 

IHA 

190A9 

X 


TITLF rev H 

VISSR scanner assy 


NON.ENcEaTUPE rev 

detector SU’^STRATF pheum test a 

FINAl ACC pPOC-HGCOTE OET/PEwaR G 

VIBRATION FTyTURF, DEWAR ASSY fi 

CEAKF *DETFrTOR/DFWAR TEST A 

DETECTOR-nrWAP VACUUM RAKE SCHED A 

FIXTbREfMFATFR ASSY B 

INSP,CLN 6 «HnUC REPT-SMS RAL'N CUR D 

HEl lUF UEAK TFvST PROC A 

PRCS SPEC-S^rP MA ^6 WIRE/KOVaR PIN C 
PROC SPEC.HGCDTE uet/dewar assy f 

BOMDG W/SPACE GRACE EflCAPS C 

gettef Hanoi ing instal a firing b 

DEWAR flange vELPING pROC B 

PS BNPG OFT SUnSTRATEsCOUD SUED B 

CABUr ASSYfTHFRNAl COOLER N 

PLATUELECT CONNECTOR A 

GOLD plating. LOW FMITTANCE SURF G 

BRKT, TERMINAL C 

gold FLATIMP.LOW FMITTANCE SU'RF G 

BOARD, strain relief B 

MOUNT, W SPRT A 

GOLD plating, LOW FMITtANCF SUPF G 

ROD, SUPPORT D 

INSP.CLNgsHPLO rept-sms RADM CLR 0 

BRACKET, CABt E SUPPORT B 

gold plating, low FMITTANCE SUPF G 

INSP.CLNG^^HCLG RECT-SMS RADN CLR B 

bondg w/tmegral conouctiv epoxy a 

SPOT bonding flect components d 

PRCS-SELECT STRIP POLYIMIDE INSUL C 

APP SOL 1J3/X00 CONF COAT B 

identification of bulk items a 

FIXTuRE-DEWAR wiring a 

BLOCK. SENSOP MOUNTING C 

PRCS-APPL OF flat BLACK PAINT 0 

SENSOR A 

PROMT SPEC-PLAT RFS TEMP SENSORS C 

BUSHING, Ron SUPPORT C 

ROD locating block B 

SPOT BONDING ELECT COMPONENTS D 

• * 

NUMBER ACL 4H3H5-2 

sheet 16 



ORIGINAL Pfj® ® 
OF POOR QUALITY 


NO. REOUIHED FOR OME 

SIZE cpawug No. next assy 

0 1 £ 3 4 6 f; 7 I! 9 


5A 

194?«< 
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5A 

iRcra 

X 

8A 

Ipnig 

X 

IP 

273?^ 

X 

ID 

4F?ne 
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Id 

4fi?ng 

1 

in 

4FP3 0 

1 

4A 

1A9PO 

X 

3A 

1PPF3 

X 

7A 

1R??7 

X 

3A 

IP?45 
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IP 

4f 470-1 

3 

in 

4F473 

3 

IP 

46474-2 

1 

IB 

46709 

5 

ID 

47048 

3 

1C 

47049 

1 

le 

470»=0 

1 

1C 

470*’’1 

1 

13A 

19427 

X 

ID 

470T32 

1 

ie 

46291 

1 

4A 

1P920 

X 

IB 

47434 

AR 

1C 

4fS930 

1 

9A 

IRIFI 

X 

IB 

46216 

1 

3A 

1P663 

X 

IB 

27535 

X 

IB 

270P6 

X 

5A 

19608 

X 

3F 

46200 

X 

5A 

19424 

X 

4A 

19970 

X 
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19257 

X 

4A 

1P*^62 

X 

14A 

ln049 

X 

IB 

47377 

12 

IB 

47376 

12 

1C 

46273 

1 


title rev H 

vissR scanner assy . . , 


NpFENCLATURE HEV 

Dormc w/thfr^^al cpNductiv epoxy a 

PS-PCTTlNfi RAD CLP TEMP SENSOR A 

APP SCL 113/Snn CfiNF COAT 8 

ROD (OCATINO PLOCK 0 

PUSHJlGiHnn SUPPORT c 

RADIATOR AS*5y , second STAGE A 

RADinOR, SECOND STAGE C 

GOLD I'LATINR.LOW FMITTANCE SIJPF G 

PRCS-APPL OF flat BLACK PAINT D 

INSP.CLNGXHPLG RECT-SMS RADN CLR B 

EPOXY RONDI^'G ALU^^ HONFYCOMB A 

SC;PEI...PLTD<^"AKF from LLl35?Cfi?-3) P. 

WASMt RfBLACK<MAKE FROM NASfZOC?) A 

WASHFPiPLATPDiKAKr FROK NAS6?0C2) A 

WASHER f plated A 

DAMFfR ASSY»2ND STAGE (SCD) D 

STANP-OFFiP^T stage DaKPER A 

CORE.PND ST''GE DAPPER A 

RING, 2ND stage DAMPER A 

MATL SPEC-P"PFFP, SILICONE. DAMPING B 

WEIGHT «DAMPRR-?ND STAGE C 

OISK.r EFINIHO APEFTliRE 0 

GOLD PLATINGfLOW FMITTANCE SURF G 

SHIM, 2ND stage DAMP A 

SENSOR A 

PRCMT spec-plat RFS TEMP SENSORS C 

BLOCK, sensor MOUNTING C 

PRCS-APPL OP FLAT BLACK PAINT D 

mounting fivture-?nd stage a 

WRENCHiDAMPFR b 

PS-PCTTING Rad CLP TEMP SENSOR A 

RADIATION CROLFR ASSY L 

BONDC W/THERMAL CCNDUCTIV EPOXY A 

lOENTlPlCATlOri OF BULK ITEMS A 

XNSP.CLNGXHPLG REDT-SMS RADN CLR B 

PROC SPEC, PONDING W/EPOXY ADHESIVE B 
SPOT PONDING elect COMPONENTS C 

SCREW, SHLD DAMPER-M/F NAS1S52C04H6 B 
WASHep»SHIE« t DAMPER A 

aperture plate assy d 
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MKUNAL page « 


NO, reouiked for one 


SIZE 

DPAWir.G NO, 

0 : 

NEXT ASSY 
12 3 4 5 6 

IC 

4FI"1-X 


1 

ID 

4F?P7 


1 

4A 

XA«?0 


X 

3A 

XflA63 


X 

7A 

10257 


X 

4A 

199A1 


X 

ID. 

4AA?0 


1 

ID 

4fijee 


1 

4A 

1A9?0 


X 

7A 

19257 


X 

6A 

10J57 


X 

ID 

2A7P0 


X 

IB 

4g*»Po 


16 

IB 

4F474-2 


26 

Ifi 

46474-J 


6 

IP 

4f470-2 


17 

IB 

46709 


6 

IB 

46PP5 


4 

ID 

47066 


X 

IF 

44656-1 


1 

5A 

lnA96 


X 

3A 

X9046 


X 

XD 

47030 


12 

XC 

4703X. 


1 

XB 

47032 


1 

X3A 

X‘»427 


X 

20 

474U5 


1 

7A 

1«?257 


X 

3A 

X9533 


X 

XC 

2A955 


X 

XC 

20956 


X 

XF 

26764 


X 

XD 

2P959 


X 

BA 

195P4 


X 

XC 

26561 


X 

XC 

26607 


X 

4A 

1P962 


X 

X3A 

191014 


X 

7A 

19257 


X 

XXA 

19107 


X 

titlf 


REV 


VISSR SC/^N^ER ASSY 


nomenclature rev 

WINDOW. APERTURE(ECD) C 
FLATt .APtniHRE D 
Goto pLATIMr.,l.OW fMlTTANCE SURF G 
PRCS-APPL OF FLAT BLACK PAINT D 
INSP,CLNG?.UnLG REFT-SNS RADN CLR B 
PROS spEc-apsy APFRTURE PLT D 
COVER ASSY, 1ST STAGE C 
COVER, FRST PTG B 
GOLD flat IMP, LOW FMITTANCE SURF G 
INSP.CLNGAHPLG REOT-SMS RADN CUR B 
APPL OF multilayer JNSUL-RAD CLR B 
TEMPI ATE, INPUL FIFST STAGF COVER A 
VlASftFR.PLATFn(MA FR MSI5795-PD?) A 


WASHER. PLATFD(MAKF FROM NA$6?6C2» A 
WASHER. PLATFpjMAKE FROM NASGPCCO) A 
SCREW. PLTni^AKE FROM LLl352C0?-6> B 


WASHFR. PLATEP A 
WASHER. TAPFRFP A 
SHIELD ASSY C 
SHIEl D.RAniATlON FOOLER H 
PRCMT SPEG-PAPIATIOM COOLER SHIELD C 

pbcs^appl of whitf epoxy coating C 
damper ASSY.SHIELF b 
HOUSING, OUTFR-SHI fLD DAMPER A 
TURE,INNER-PHIELD DAMPER A 
MATL SPEC-RI'PFER, SILICONE, DAMPING B 
SEAL,SHIELn(SCD) B 
INSP,CLNGxHnLG PEOT-SMS RaDN CLR B 
PROC SPEC-IMST OF BONDED SEAL B 
FIXTUPE-SEAI INSTALLATION A 
FIXTURE,2ND stage SOLDFRINC7 A 
RING,RADIATT0m COOLER HEATER A 
VIB FIXT, COOLER ASSY ON ADAPTER A 
VIPR SHKDM PROC-RAD COOLER ASSY C 
APERTURE PLATE LOCATING FIXTURE D 
FIXTURE assy, PEWAR ALIGNMENT A 
PROC SPEC,POMniMG W/EPOXY ADHESIVE B 
XDENT OF OFTAIL PTS & ASSYS 0 
INSP,CLNG«HPLG REOT-SMS RADN CLR B 
PPOC-GEN MEFH ASSY OF THE ViSSR C 
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ORIGINAL PAGE 13 
OF POOR QUALITY 


SI7C DPAWlfO NO. 
7/» 

14A J,pn*l9 
13A 1«556 

6A lnoJ9 
llA 1PJ07 
9A IP971 
4A 1P970 
X4A lno«9 
10 46r’P3 

lOA 19010 
3A 1E5P0 
9A letPPe 
IB 4f435-l 
IB 40435-? 

10 40446 

4F 49547 
1C 455?3 
3A 1AA63 
1C 4P5?4 
3A 1PP03 
1C 4f)6?5 
3A 1PA63 
ID 44996 
ID 449®9 
/ 4499g.99 

2D 49000 
13A 19104 

26A 19975 

9A 19971 
lOA 190P2 
16A 190P3 

ID 44?75 
13A 19104 

14A l«n49 

6A 194P2 
4F 49347 
26A 19055 

ID 49005 
/ 49005-99 

3A lP6f3 


RBOUIREP FOR ONE 
NEXT ASRV 
I 2 3 4 5 r: 7 e 9 


NorENcLATURE * f 

ALNFT PR0C»THFRM DET on RAO CCOUER 
SPOT pONOTNP rUFCT COMPONENTS 
test PROCtVTSSR RAO COOLER 
APP SOL 113/300 CONF COAT 
PROC-GEN MEfH ASSY OF THE VISSR 
PRCS SPEC-CONF CTO W/SOLITHANE 
IOFNTIFICATTOM of bulk ITEMS 
SPOT PONDIMR ELECT COMPONENTS 
WIP ClAG.pAn COOLFR & THERf. OET 
CONNECTOR.FTLTER fin 
PL fGOES STATIC SENS ITEMS 
GSPEr PROT 9T sens ELEC PTS * FQPT 
NUTf JAM 
NUTiJAM 

WASHEPtEWD ftRM-ViSsn/SMS 
visible detector / FOCUS ASSY 
MOUS 1 NG , LAMP HOLDER -SC ANNER. 
PRCS-APPL JF FLAT BLACK PAINT 
TUPE,LCNS FPONT-Sr ANNER 
PRCS-APPL OF flat BLACK PAINT 
TUPE,IENS RFAR-SCANNER 
PRCS-APPL OF flat BLACK PAIMT 
PWB ASSY, visible PREAMP 

pwp-visidle Preamp 

BOARC, plastic sheet LaM 

MSTR ARTWK-VisinLF PPF.AMP 

IDEN'T of detail PTS & ASSYS 

GOES ELEC AUTH PTS . ALT t 3X-RFF LIST 

PRCS- SPEC-COMF CTG W/SOLITHANE 

screening spec dicdes 
screening SPECS-TPANSISTORS 
ELEC PIAG-VISIDLE PREaMP 
IDENT OF detail PTS S ASSYS 

SPOT bonding elect components 

TEST PROC VISIBLE PREaMP STABILITY 
visible DETECTOR F FOCUS ASSY 
TEST PROC-VTSSP ElECT SURASSYS 
BRACKET , CONNECTOR-SCANNER 
BRACKET 

pbcs-appl of flat black paint 
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ORIGINAL PAGf *S 
AC onnn QUALITY 


NO. RrOUlREl? FOR ONE 


SI?E 

D^AVI^G NO, 

NEXT 

assy 



0 1 ? 

3 

4 

S 6 7 e 

ID 

4‘»377 

1 




in 

444?4 


1 



9A 

lfl^70 



X 


IF 

40 RP 6 


ALT 


IF 

49RP3 



1 


ID 

49P4 3 




1 

1C 

4«iR‘i5 




1 

IC 

40R46 




2 

1C 

4PR49 




1 

in 

49527 




1 

3A 

15425 




X 

IP 

49526 




1 

3A 

15424 




X 

2A 

1S‘<F6 




X 

IF 

49555 



1 


ID 

49554 




1 

ID 

49544 




1 

IC 

495“7 




1 

IF 

49552 




] 

1C 

49550 




2 

1C 

495*'! 




1 

3A 

15467 




X 

IF 

4954 6 



1 


llA 

19107 



X 


ID 

46444 


1 



3 A 

19663 



X 


ID 

49405 


2 



7 A 

19212 



X 


14A 

lqp49 


X 



9A 

19971 


X 



4A 

19970 


X 



1C 

45P55 

1 




ID 

45642 

1 




IF 

44426 

1 




/ 

44426-99 


1 



3A 

19663 


X 



1C 

45046 

3 




/ 

45046-99 


1 



3A 

19663 


X 



1C 

45047-1 

1 





NPF.’^NcI.ATURE rev 

CAUPRATION shutter ASST 
ACTUATOR, OAl IP SHUTTER <SC0 1 
PRCNT SPEC-»"ALIPRATI0N SHUTTER 
BI-STARLE ACtUATCF>(ALT for A4APH) 
ROTOR ASSY.PI-STAPUE ACTUATOR 
SHAFT. ROTOR ASSY 
POI EPIECE, ROTOR ASSY 
NAGfvn ♦ROTOR ASSY 
CLAHF washer, ROTOR ASSY 
BEARIN6*BAU.-ANNUI AR(snp) 

pRCFT spec-rearimf.pau-annular 

BEARING, bam -ANNUI AR ( SCO ) 

PRCFiT SPEc-REARING»RAlL-ANNULAR 
PROC SPEC.nONQG W/EPOXY RESIN 
STATOF< ASSY 

STATOR WMOG.PJ-STABLE ACTUATOR 

statcr.qi-stapue actuator 

COIL GROUPfSTATOR WINDING 
rear ROUSING, STATCR ASSY 
INSULATOR, sTaTOR ASSY 
WASHCRf STATOR ASSY 
PROC SPEC-POTNG W/CLLaP EMCPSLNT 
FRONT HOUSING, RI-PTADLE ACTUATOR 
PROC^GEN r^EEH ASSY OF THE VISSR 
SHUTTtR-VISSR/SMS SCANNER 
PRCS-APPL of flat black PAINT 
THERFISTOR, PRECIS ION (SCO) 

SCREENING SPEC -THE RMI STORS 
SPOT PONDING ELECT COMPONENTS 
PROS SPEC-CnrjF CTG W/SOLITHANE 
IDENTIFICATION OF BULK ITEMS 
HLDR, fiber OPTICS 
dovetail, FIPEP OPTICS-VISSR 
TUREtPAFFLE-SCAMNER 
TUPE.PAFFLE 

prcs-appl of flat black paint 

SPACFR BAFFI E SCANNER 
SPACER BAFFt E 

prcs-appl of flat black paint 
STOP, raffle-scanner 


title 

ViSSR scanner ASSY 


ITEV H 


NUMBER ACL 44345-2 


sheet 


20 




ORIGINAL PAOE^ 
AK DfMDR quality 


NO, RCOUXPED for ONE 

SIZE DRAWUG NO. NEXT ASST NOf'ENCLATlIRE REV 

0123^667e9 


3A 

1APF3 


X 


IC 

44BR7-? 

1 



3A 

IAAF3 


X 


IC 

4B0*<7-3 

1 



3A 

1PBF3 


X 


IC 

4SC47-4 

1 



3A 

1PPS3 


X 


ID 

4»?n40 

1 



3A 

1P063 


X 


IF 

49334 

1 



3A 

1PPS3 


X 


2F 

4*j0fi2-3 

1 



/ 

450"'’ «7 


10 


12A 

191 U 



X 

IF 

450t-< 


1 


/ 

45051,.99 



1 

3A 

iPPf 3 



X 

IC 

45052-1 


8 


1C 

45054-1 


8 


IC 

45055 


1 


1C 

45056 


1 


/ 

45056-9S 



1 

3A 

nP63 



X 

1C 

45064 


1 


IC 

45066 


1 


/ 

45C66-9S 



1 

3A 

1PP63 



X 

1C 

450P3 


1 


1C 

46619 


1 


IC 

45216 


1 


IC 

2*?147 


1 


IB 

25148 


1 


IC 

25265 


1 


IB 

25311 


3 


12A 

19011 


X 


3A 

19004 


X 


4A 

1P962 


X 


3A 

10863 


X 


13A 

191 04 


X 


ID 

45058-1 

8 




titlf rev H 


PRCS-APPL OP flat black PAINT 
STOP,0AFFir-SCANNFR 
PRCS-APPL OF flat BLAcK PAINT 
STOP.RAFFLF-SCANNFR 
PRCS-APPL OF FLAT BLACK PAINT 
STOP«pAFFLE-SCANMf R 
PRCS-APPL OF FLAT BLAC*< PATNT 
NUT ,PAFFUE-PC/NMEP 
PRCS-APPL OF flat black PAINT 
MOUNT. BAFFLF tube 
PRCS-APPL OF FLAT BLACK PAINT 
FIBER OPTIC** ASSY(SCD) 

FIBER OPTICS 

PROMT SPEC-FiprP OPTICS ASSY 
RING mounting fiber OPTICS 
RING rOUNTlNG 

PRCS-APPL OF flat BLACK PAINT 
ferrule iFIRER OPTICS-SCANNER 
BLOCK, FinEH ENO. FIBER OPTICS 
FERRULE fiber OPTICS DUAL SCANNER 
CAP bellows scanner 
CAP FELLOWS SCAMMER 
PRCS-APPL OF PLAT BLACK PAINT 
MOUNT alignment TUBE SCANNER 
PRISM, FIBER optics-scanner 
PRISM 

PRCS-APPL OF flat BLACK PAINT 
BELLOVS, FIF.fr R0UTING(SCD> 
ALIGEMENT TUBE, FIBER 
BRKT bellows mT FIBER OPTICS 
BRACKET SUPPORT MOUNT SCANNER 
CLAM.P MOUNT SCANNER 
PLATE MOUNTING SCANNER 
SPACER scanner 

PROMT spec-fiber OPTICS ASSY 
PRCS SPEC-BONO W/TRANSP epoxy adh 
PROC SPEC, bonding w/epoxy adhesive 
PRCS-aPPL OF flat black PAINT 
IDFNT of detail PTS i ASSYS 
PRISM a PMT ASSY-SCANNER(SCD) 
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ORieiNAi: PAGE « 
OF POOR QUALITY 


NO. RrQUlREn FOR ONK 


SIZE 

dpauihg No, 

NEXT 

assy 





0 12 3 

4 

5 

6 7 

6 

9 

IC 

44PP4 

1 






3A 

lAPf 3 


X 





24A 

199F0 


X 





ID 

4»»3Bl. 

1 






3A 

IAPf3 


X 





3A 

i«^pn4 

X 






IF 

4*^roo 

1 






3A 

1APF3 

X 






IF 

493P0 

1 






ID 

444P6-I 

1 






/ 

4i|ii 46-96 


1 





IF 

44119 



1 




5A 

insFa 



X 




5A 

14700 



X 




/ 

44406-97 


1 





IP 

439F1 



1 




5A 

1ABG2 



X 




5A 

1P7F0 



X 




/ 

44406-96 


2 





IB 

43990 



1 




5A 

1PPF2 



X 




5A 

1P760 



X 




/ 

44446-95 


1 





1C 

44759-1 



1 




/ 

443*9-99 




AH 



IF 

44047-1 




1 



/ 

44047-99 




1 



1C 

43977 





1 


lOA 

1AB42 






X 

lOA 

1A642 





X 


4A 

1P7F2 





X 


/ 

44047-97 




1 



IF 

44 0 35 





1 


lOA 

14042 






X 

lOA 

14442 





X 


4A 

14762 





X 


/ 

44047-96 




1 



2F 

49346 





1 


lOA 

14442 






X 

lOA 

14442 





X 



titlf rev H 


NCFENcLATURE rfv 

PRT fi HV RUPPLY-SCANNFRiSCn) 

PRCS-APPL OF flat DUACK PAINT 
PRfNI SPEC-TNTFG fmt a hvps 
PR iSr " PRIPMAPMT ASSY 

PPrS-APPL OF flat dlack paint 
PROS SPEC-nOND W/TRANSP EPOXY ADH 
COVER PMT VTS DET FOC ASSY 
PHCS-APPL OF flat BLACK PAINT 
THFRf'AL CHANNEL FOCUS DRIVE ASSY 
DRTVt ASSY-«ATCHEr 
TUPE.FOCUSING^NAKF FRON 
TUPE,FCSG-THRr* CHAN FCS PR 
APPL OF BONOPD SOI ID FILM LUn 
PRCS. PASSIVATION OF BERYLLIUM 
GEAR,NUT<NAKE FROF 4396n 
gear. HUT TMPML CHAN FOC DRIVE 
APPL OF onNOEP SOUP FILM LUB 
PRCS-pASsiVATiON OF BERYLLIUM 
DUSHING(MAKF FROM H3990) 

BUSHING 

APfl OF BOMHEC SOI IP FILM LUp 
prcs-passivatigm of beryllium 

SEAL INSTLIMAHE FFOM ^^369-l> 

SEAL INSTALI ATION-BLANK HSG(SCD) 

SEAL 

HOUSING a COVER. LINE BORING 
PLATf BEAPING(MAKF FROM ^3977) 

PLATf .BEARING-THPML CHAN FOC DRIVE 
MACHiSTRESS REL PERYL.PROC 
MACHfSTRESS REL PFRYL.PROC 
CHROMIC AOIF anodizing BERYL 
COVF? BLANK! make FROM 44035 > 

COVER .housing blank 
MACH aSTRESS PEL PERYL.PROC 
MACHaSTRESS PEL PERYL.PROC 
CHROMIC ACIO aMODIZING BERYL 
HOUSING, BLANK (MAKE FROM 4934G) 
HOUSING, blank, THERM CHAN FOC PR 

MACHfSTRESS pel beryl. proc 
MACHeSTRESS REL BERYL, PROC 


HUMBER ACL 44345-2 


VXSSR SOANfER ASSY 
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NO. REQUIRED FOR ONE 
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0 12 3 
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!> 6 

4A 

IA7F2 




lOA 

1AR42 




4A 

1A762 
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SA 

1PRG2 



5A 

1A760 



X 

5A 

XPPGZ 


X 


5A 

1>»7A0 


X 


ic 

AM230 

1 



/ 

mi?30-9B 


2 


ic 



1 


1C 

H3B73 



1 

ic 

44G27 



1 

3A 

19004 



X 

1C 

44??9h3 

1 



/ 

442P9-99 


2 


1C 

439P0-1 


1 


1C 

4?®69 



1 

1C 

4?979 



1 

in 

49337 



1 

IB 

49379 



1 

3 A 

l'?C04 



X 

ID 

44116 

1 



ID 

4<tl16 

1 



ID 

44?13 

1 



1C 

44115 

1 



3A 

IflPfS 


X 


IP 

4421 1 

1 



3A 

10063 


X 


1C 

4?946 

1 



5A 

10062 


X 


1C 

439*^9 

1 



5A 

1P062 


X 


IB 

4390 7 

1 



IB 

4.3976 

1 



IP 

44212 

1 



ID 

43«39 

1 



6A 

10052 


X 


1C 

49075 

1 



3 A 

10063 


X 


IB 

46900 

1 




title HEV H 

VXSSR SCANNER ASSY „ 


ncfenclature rev 

CHRONIC ACin anodizing beryl a 
HArhASTRESS REU BERYL, PROC A 

CHRONIC Acin anodizing beryl a 
appl of donbed solid film lub a 
PHCS-PASSIVATIPM of BERYLUUM a 
appl of BOMnED SOI IP FILM LUP A 
PRCS-r assivation of beryllium a 

SEAL,1NS1LN,THRML chan FOC DR(SCO) b 
SEAL B 
SHFT SEAL A^SY tFPNT ,THRM CH FOC OP C 
adapter, OEM OWS-TMRM CHN FOC DR C 
SCAL,SHAFT-THFRM CHANNEU FOC PRIVF E 
PRCS RPEC-pOMn W/TRANSP EPCXY ADH B 
SEAL iNSTlN-TfiRML CHAN FOC DR(SCO) C 

seal c 

SHFT SEAL,RFaR»THRM CHAM FOC CRIVE D 
adapter *13ELI OV'S-THRM CHN FOC CR C 
SEAL,SHAFT-THEPM THNU FOCUS DRIVE C 
ROD, PULL- VlSSR/eorS SCANNER 0 
Ron»pL'SH-vissp/C"Ors scanner a 
PROS spec-bond W/TRANSP epoxy ADH B 
LENS, RELAY, TMRMI. CHAN FOC OP<SCD) A 
LENS, PLY, FRONT, THFM CH FOC DR(SCD) A 
LENS,CL-THFRM CHNl FOC OR E 
RETAINER,I.EN5-THRNL chan FOC CRIVE A 
PRCS-APPL OF flat black PAINT D 
SPACER, LEMS-THRML CHAN FOC DRIVE B 
PRCS-APPL OF flat BLACK PAINT 0 
SHAFT .PINIO^'-THRMI CHNL FOC DR B 

appl OF BONorn soi id film lur a 

GEAR,! ST STAGE THRM CHNL FOC DR B 
appl of DONOED SOLID FILM LUB A 
WASHER A 
WASHEP-THRML CHAN FOCUS DRIVE A 
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WASHER »INSlJt 
TERMINAL, TMSUL RASE 
BASE 

SPOT pONDIfiP ELECT COMPONENTS 
PRCS SPEC-COMF CTG W/SOLITHANF 
identification of bulk items 
GOES ELEC A"TH PTS , ALT . XX-REF LIST 
SCRN SPEC,MARNFTir LATCHING RELAYS 

screening spec diodes 
SCRN spec-jantx/jantxv XSTRS 

CONN. PLUG X RECEPT.ELEC.PRTD CKT 
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ORIGINAl PAGE IS 
OF POOR QUALITY 


NO. 


SI2E 

DR AW II G NO 

20A 

ISOES 

13A 

1«^1 fi4 

IE 

44732 

14A 

100*19 

2F 

4^^317 

IF 

4513 8 

/ 

45118-99 

IE 

45119 

13A 

lol 04 

1C 

471 00 

1C 

47097-2 

/ 

47097-99 

14A 

l<ao49 

lOA 

19071 

9A 

19971 

7A 

19973 

4A 

l<=i970 

e% A 

C O A 

19975 

2A 

19974 

28A 

19055 

14A 

19049 

13A 

19104 

4F 

4498 9 

3A 

15580 

9A 

19888 

2F 

453 24 

IF 

45325 

/ 

453 25-99 

13A 

19104 

2E 

45126 

IB 

47090-1 

1C 

473 0 0 

9A 

19971 

23A 

19075 

4A 

19970 

lOA 

19071 

26A 

19975 

7A 

19973 

2A 

l«i974 

15A 

1918 0 


*For Rev Ltr see Note 


REQUIPEH FOR ONE 
NEXT ASSY 

X 

X 

X 

X 

1 

1 

1 

X 

X 

e 

12 

I 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

2 

1 

1 

X 

X 

*♦ 

7 

X 

X 

X 

X 

X 

X 

X 

X 

on Sheet 14. 


NOMENCLATURE REV 

TEST PROC-VTSSR El ECT SUOASSYS 
IDENT OF OETAIL PTS X ASSYS 
ELEC 0IAG*/C^MMAND RELAYS (AC) 

SPOT pONDIMP FLECT COMPONENTS 
PWP ASSY-RATN.TEMP i C0MMAN0iA 9) 
Pwn-GAIN temp s COMMANniAgj 
BOARr.PL SH LAM 
MSTR ARTWORK-GAIN TEMP X CMO 
IDFNT OF nFTAlL PTS X ASSYS 
TERMINAL, CLTMCH PIN, TURRET 
TERMINAL, IN«UL RASE 
BASE 

SPOT BONDING ELECT COMPONENTS 
SPEC^XFMRS, PE ACTORS, AUD FREOxPWR 

PROS spec-conf ctg w/solithane 
SCRN spec-jantx/jantxv XSTRS 
identification of bulk items 
GOES ELEC AI'TH pts»alt»xx*kef list 
conn, plug X RECEPI .ELE'C.PRTD CKT 
TEST PROC-VTSSR ELECT SURASSYS 
SPOT PONDING ELECT COMPONENTS 
IDENT OF detail PTS X ASSYS 
ELEC CIAG-GAIN TEMP X C0MMAND(A9) 

PL, GOES STATIC SENS ITEMS 
GSPEC PROT ST SENS ELEC PTS X EQPT 
PWP ASSY-VIS X THPML AMPL ( AlOXAll-) 
PWB-VIS X THERMAL AMPL (AlO , All ) 

BOARD, PL SH LAM 
IDENT OF detail PTS X ASSYS 

mstr artwork, vis X thrMil amp 

WASHIR, INSI'L 

TERMINAL, CLINCH PIN, TURRET 
PRCS SPEC-CONF CTG W/SOLITHAME 
PPOC SPEC,ir-FET SWITCH DRIVER 
identification OF BULK ITEMS 

SPFC-XFMRS, RE ACTORS, AUO FREOxPWR 
GOES ELEC A»'TH PT$ , ALT » XX-REp LIST 
SCRN SPEC-JANTX/JANTXV XSTRS 
CONN. plug X RECEPT.ELEC.PRTD CKT 

SILICON n-chan field effect XSTR 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


NO. RtOUlREn FOR ONE 
SIZE OPAWING NO. NEXT ASSY 

0 1?34667e9 


14A 

1PP49 

X 


2J 

4 Ml 97 

X 


13A 

19JC4 

X 


26A 

190F5 

X 


94A 

1P730 

X 


3A 

155A0 

X 


9A 

lOPpfl 

X 


2F 

47779 

1 


IF 

4S3.P2 

1 


/ 

49122. 99 


1 

2E 

49123 


X 

13A 

19104 


X 

IC 

471 ‘iO 

6 


1C 

47097-2 

1 


/ 

47097-99 


1 

14A 

19049 


X 

9A 

19971 

X 


26A 

19975 

X 


4A 

19970 

X 


7A 

19973 

X 


2A 

19974 

X 


2F 

47760 

X 


13A 

191 04 

X 


14A 

1«049. 

X 


26A 

19055 

X 


2F' 

4P3F4 

1 


IF 

4g?G3 

1 


/ 

49363-99 


1 

IF 

493G2 


X 

13A 

19104 


X 

2F 

49365 

X 


13A 

193 04 

X 


9A 

19971 

X 


14A 

19049 

X 


26A 

1909S 

X 


94A 

15738 

X 


26A 

19975 

X 


2A 

19974 

X 


7A 

19973 

X 


3A 

15560 

X 



nomenclature REV 

SPOT ronoinr elect components 

ELEC DIAG-VYSXTHRM AMPUAlOiAll) 

ident of nrTAiL pts x asrys 

TEST PROC-VTSSR El ECT SUBASSYS 
PARAMETER ADJUSTMENT pROC 
PL. GOES STATIC SENS ITEMS 
GSPEf PROT FT SENS ELEC PTS X EOPT 
PUB ASSY-VTF.THRM FCC MTR C:R|A12I 
PWP-FOCUS motor DPIVERIA12) 
boarc.pl sm lam 

MSTR ARTWORK-fOC MOTOR DR 
idem of detail PTS & ASSYS 
TERMINAL, CLINCH PIN. TURRET 
TERMINAL, IMSUL RASE 
BASE 

SPOT pONDINR FLECT COMPONENTS 
PRCS SPEC-CONF ctg W/SOLITHANE 
GOES ELEC AUTH PTS.ALT.XX-REF LIST 
IDENTlFlCATTOr OF BULK ITEMS 
SCRN spec-jantx/jantxv XSTRS 
conn, plug X RECEPT.ELEC,PRTD ckt 
ELECT DIAG-VIS.THPM FOC MTR DRIVER 
IDENT OF detail PTS & ASSYS 

SPOT ponding elect components 

TEST PROC-VTSSR El ECT SUDASSYS 
PWP assy-temp MONAHV MON BFR A13 
PWP-TEMP MON g HV MON BUFFER A13 
BOARD. plastic SH t AM 
MSTR ARTwK.TEMP MON X HV MON PFR 
IDENT OF detail PTS S ASSYS 
ELEC DIAG-TEMF MONAHV MON BFR A13 
IDENT OF detail PTS X ASSYS 

PRCS spec-conf ctg w/solithane 

SPOT PONDING ELECT COMPONENTS 
TEST PROC-VTSSR El ECT SURASSYS 
parameter adjustment pROC 
GOES ELEC AMH PTS , ALT * XX-REF LIST 
CONN, PLUG * RECEPT.ELEC.PRTO CKT 
SCRN SPEC-JAMTX/JANTXV XSTRS 
PL, GOES STATIC SEM'S ITEMS 


*For Rev Ltr see Note on Sheet 14. 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


NO. required for one 
SIZE' DpaMING no. next ASSY 




0 1 2 

3 

4 

9A 

isppo 

X 



ID 

45708 

1 



ID 


1 



ISA 

1GJP4 


X 


IB 

4S097 

2 



ISA 

im 04 


X 


IR 

4Ap00 

1 



ISA 

19104 


X 


IR 

4GPF9 

4 



ISA 

10104 


X 


40A 

WL45094-2 

X 



4A 

10970 

X 



lOA 

19010 

X 



2J 

4P094 

X 



14A 

1"049 

X 



ISA 

191 04 

X 



ID 

4PPP8 

1 

, 


/ 

46C28-99 

2 



/ 

4F0P8-98 

1 



ISA 

19104 

X 



14A 

19049 

X 



ID 

4«»458-l 

AR 



10 

49458-2 

AR 



10 

4 75 AO 

1 



ID 

47577 

2 



ID 

47576 


i- 


/ 

47576-99 



1 

1C 

47097-2 


1 


/ 

47097-99 



1 

14A 

19049 



X 

28A 

19055 


X 


ISA 

19104 


X 


28A 

19975 


X 


4A 

19970 


X 


ID 

47578 


X 


14A 

19049 


X 


10 

47627 

1 



ID 

47581 


1 


/ 

47581-99 



1 

1C 

47097-2 


7 



Nomenclature rev 

QSPEC PROT RT SENS ELEC PTS S COPT 
EMI filter ASSY.A15 
HOUSING. EMI filter 
I tlENT OF DFTAIL PTS & ASSYS 
SCREW LOCK, female 
IDFNT of nETAlL PTS S ASSYS 
STRIP, GROUNH EMI filter 
IDFNT OF nrTAlL PTS S ASSYS 
WASHER, SHOUl OFR 
IDFNT OF detail PTS & ASSYS 

WIPE list.flcctrdmics module 

IDENTIFICATION OF BULK ITEMS 
CONNECTOR, filter PIN 
ELECTRONICS MOPULF ASSY(UMIT 2 ) 

SPOT pONDIMP elect COMPONENTS 
IDFNT OF detail PTS 8 ASSYS 
bar, GROUND 
GROUND BAP 
INSULATOR 

IDFNT OF DFTAIL PTS 8 ASSYS 
SPOT PONDIMP FIFCT COMPONENTS 
NAMEFLATE,FI ECT MOO- ViSSR/GOFS 
NAMEf'LATE.Fl ECT MOO-V ISSR/GOES 
REGULATOR ASSY-DUAL , 

D0AR[ ASSY-RFGUL AT0Ri+ 5V 
TERMINAL pPARD-REGULATOR , +5V 
BOARD 

TERMINAL, IMSUL BASE 
BASE 

SPOT ponding elect COMPONENTS 
TEST FROC-VISSR El ECT SUDASSYS 
IDFNT OF DETAIL PTS 8 ASSYS 
GOES ELEC AI'TH PTS , ALT ♦ 8X-REF LIST 
identification OF BULK ITEMS 

schem oiag-''oltagf regulator, +5V 
SPOT ponding elect components 
network ASSY-rEC0l'PLER,-5V 
bracket, SUPPORT 
BRACKET 

TERMINAL, IMSUL BASE 
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NO, RFOUIRED FOB ONE 

SIZE DRAl-MNG NO, NEXT ASSY NorENCLATUPE REV 

0123 4 PC7P9 


/ 

47097-99 

1 

14A 

lo0«9 

X 

4A 

1A9F2 

X 

13A 

lPjn4 

X 

ID 

475PJ 

1 

/ 

47PR1-99 

1 

9A 

3.9P71 

X 

4A 

19970 

X 

14A 

19049 

X 

13A 

19104 

X 

2vl 

49RF2 

X 

1C 

47GF7 

2 

13A 

19J04 

X 

20A 

1“179 

X 

IP 

4F904-1 

2 

IB 

46O04-? 

10 

IB 

4f, 904-3 

1 

1C 

47355-1 

5 

1C 

47355-2 

3 

1C 

47355-3 

4 

IB 

472F9 

1 

in 

4F030-1 

4 

13A 

19104 

>' 

IB 

4A030-? 

1 

13A 

19104 

X 

IB 

46030-3 

1 

13A 

19J 04 

X 

IB 

46030-4 

1 

13A 

19J fl4 

X 

IP 

46029 

2 

/ 

46029-99 

1 

13A 

19104 

X 

IB 

46321 

26 

13A 

191 04 

X 

IC 

46436-1 

1 

IB 

4«^532-2 

1 

ID 

49405 

1 

7A 

19212 

X 

14A 

19(J49 

X 

ID 

46747 

1 


titlf rev H 

ELECT l^cnULE ASSY 


BASE A 
SPOT nONDIMP ELECT COMPONENTS D 
PROC SPEC,pnNMNG W/EpOXY AHHESIVE B 
IDENT OF detail PTS & ASSYS B 
BRACKET.SUPPORT c 
BRACKET C 
PRES SPEC-CHMF CTf W/SOLIThANE A 
IDENTIFICATTON OF BULK ITEPS A 
SPOT PONDTNG ELECT COMPONENTS D 
IDENT OF detail PTS i ASSYS 0 
WXR rlAG , elect MOr-ViSSR/GOES A 
TRANSISTOR (MAKE FR 2N37S2) A 
IDENT OF detail PTS & ASSYS B 
XSTR*SILIC0M,HI PWR.2NS752 0 
INSUIATOR, CONNECTOR PIN A 
insulator, CorNECTOR PIN A 
insuiatoh, Connector pin a 
CABLE .braided A 
CABLE,. braided A 
CABLE .braided A 
SPACt R iMOUMTING-INDUCTOR A 
SPACER B 
IDENT OF detail PTS S ASSYS B 
SPACER B 
IDENT OF DETAIL PTS S ASSYS B 
SPACER B 
IDENT OF detail PTS X ASSYS D 
SPACER B 
IDENT OF detail PTS i ASSYS B 
SPACERtGROUND BAR, LOWER C 
SPACfR C 
IDENT OF detail PTS S ASSYS B 

pcp-ttiner modified B 

IDENT OF detail PTS & ASSYS B 
SENSOR ASSY » TEMP D 
TERMIfAL sensor B 
ThERMSTOR,PRECISION(SCD) A 
screening SPEC-THERMISTORS D 
SPOT ponding elect COMPONENTS D 
CHOKE COIL C 


number ACL 45094-2 
SHEET 12 


NO. RCjOUlRCn for one 


SIZE 

DP A WING No, 

0 1 

next 

2 3 4 

lOA 

19071 


X 

13A 

inl P4 


X 

1C 

4'»P75 

1 


13A 

19J04 


X 

1C 

4AnP0 

1 


IC 

2A3F4 


AR 

13A 

10104 


X 

1C 

2A3P4-1 


AR 

13A 

10504 


X 

1C 

27114 


1 

/ 

27114-99 


1 

13A 

l®104 


X 

14A 

1*3049 


X 

1C 

2*3954-1 


1 

1C 

2P9B4-2 


1 

IC 

29954-3 


1 

1C 

29954-4 


1 

1C 

29954-5 


1 

lOA 

19010 


X 

13A 

19104 

X 


9A 

19971 

X 


40A 

W145094-2 

X 


2J 

49‘lf 2 

X 


37A 

192P2 

X 


14A 

19049 

X 


lOA 

19010 

X 


IF 

27247 

X 


4A 

19970 

X 


lOA 

19076 

X 


6F 

27244 

X 


3A 

1560 0 

X 


9A 

19066 

X 



NcrENCLATUPE REV 

SPFX-XFMRS .REACTOPS ,AUD FREQSPWR 
IDENT of retail PTS i ASSYS 
HEATSINK^RFS & XSTR 
XDENT of RF.TAltL PTS & ASSYS 
KXTiCONNeCTOR savfr 
SCRE l' LOCK, FEFALE (CONNECTOR SAVER) 
IDFNT OF retail PTS H ASSYS 
SCREW LOCK, FEPALE (CONNECTOR SAVER) 
IDFNT OF detail PTS S ASSYS 
MEAR CONNECTOR 
CONNECTOR 

IDFNT OF detail PTS i ASSYS 
SPOT fONOlNO ELECT COMPONENTS 
CONN SAVER, P0P(M/F DERSPS-NM) ) 

CONN SAVER, ^on(M/F 0BB25PS-NMJ ) 

CONN SAVER,^Or(M/F DBR25PS-Nm 
CONN SAVER. MOr(N/F DCB37PS-MM1) 

CONN SAVER,'*OD(n/F DCB37PS-NM1) 
CONNEFTOR, FILTER PIN 
I-UENT OF detail PTS & ASSYS 
PRCS spec-comf ctc- w/solithane 
WIRE LIST.FI ECTRONICS MODULE 
WIR PIAG.FLFCT MOP-VISSR/GOES 
TEST PROCEOI'RE VISSR ELECT MODULE 
SPOT BONDING ELECT COMPONENTS 
connector.ftlter pin 

HOLDING FIXTURE-INTERCOMN BOARD 
IDENTIFICATION OF BULK ITEMS 
SCPN .SPEC.MAGNETir LATCHING RELAYS 
elect connection riAG, ELECT MOD 
PL,GCES STATIC SEA'S ITEMS 
GSPEC PROT FT SENS ELEC PTS i EOPT 


*For Rev Ltr see Note on Sheet 14. 
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NOTE 


At aaterlsk <*) appearing in the Revision Letter column on the preceding pages 
Identifies a released hut unincorporated change to the listed document. The 
data contained within each released E.O. Is Included in this ACL. Each affect- 
ed document. Its current revision letter and released outstanding E.O.(s) are 


listed below. 
DRAWING NO. 

REV 

LTR 

APPLICABLE E.O. NO<s) 

45124 

U 

4148. 4452 

45134 

S 

4450 . . ... . 

45137 

V 

4434. 4437. 4442 

45211 

R 

4453 

47575 

B 

4504 

49364 

B 

4451 

49365 

A 

4454 

In addition, 

the following listed documents have an unincorporated change In 

process as Indicated 

hy the applicable ECR number. 

DRAWING NO. 

REV 

LTR 

APPLICABLE ECR N0(s) 

19055 

N 

426/01 . , . 

45094 

Y 

475/OlRl (End-Of -Contract Effectlvlty) 
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